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PREFACE

This report incorporates the work done in a number of different efforts

to improve the Articulated Total Body (AT) model's capability to

simulate human body biomechanics in various dynamic environments,

especially aircraft ejection with windblast exposure.

The majority of modifications to the model fall into six categories:

* wind force option

• joint drift correction

* edge effect option

multi-axis angular displacement vehicle motion

prescription

* slip joint option

hyperellipsoid option

These improvements have been combined to form the ATB-IV version on the

Armstrong Aerospace Medical Research Laboratory's (AAMRL) Concurrent

cumputer system at Wright-Patterson Air Force Base. AAMRL, Systems

e6earch Laboratories, Inc. and J&J Technologies Inc. and the National

Highway Traffic Safety Administration have all contributed to the

technical work described herein.
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1.0 INTRODUCTION

The Articulated Total Body (ATB) Model is used at the Armstrong

Aerospace Medical Research Laboratory (AAMRL) for predicting gross humren

body response in various dynamic ervironments. especially aircraft

ejection with windblast exposure. Aerodynamic force application and a

harness belt capability were added to the Crash Victim Simulation (CVS)

Program (Ref. 1). by Calspan Corporation in 1975 for AMRL (Ref. 2), and

the resulting program became known as the ATB model. In 1980, Calspan

made a number of modifications to the ATB model combining it with the

then current 3-D Crash Victim Simulation program to form the ATB-I

model (Ref. 3). Complete documentation of the program through the

ATB-II version was performed by Calspan Corp. (Ref. 4). A new version,

ATB-Ill, was generated which included the improvements made by J & J

Technologies, Inc to model the body response to windblast for AMRL (Ref.

5).

A number of additional efforts have been made to improve various aspects

of the ATB-111 model. with emphasis on its capability to simulate

aircraft ejection with windblast exposure as well as complex automobile

accidents.

This volume, User's Guide, contains updatea inormation for the ATB user

and a new input description for ATB-IV. Much of this volume is a

reprinting with modifications and updates of Volume 2 of Calspan's

report on the Crash Victim Simulator (Ref 4).

Section 2 of this volume gives a general description of the ATB model

and its structure. An overview of the ATB input data is in Section 3.

while a complete input description for ATB-IV.0 is in Section 4.

Section 5 lists the stops within the ATB model. A description of the

logical units used by the model including the time history and RSTART

options is in Section 6, and the appendices contain some example input

and output from the model.

.... ,. min, rte a HI i i I~m• Ha l lil



2.0 GKNERAL FORMULATION OF THE ATB MODKI

The ArticuLlated Total Body (ATB) Model is primarily designed tc evaliit r

tic tirt e-dimensional dynamic repoise of a syttetL (A rigid bodies whell

subjecteu to a dyr.&Lic environment consisting of applied fercEL aid

interactivc contact forces. Although the ATB Model was criginally

developed to model the dynamic response of crash dummies and, with later

aodificaticnb, the response of the human, the ATB Model is quite generk,l

in nature and can be used to simulate a wide range of physical problern'

that (Lr be approximated as a systei of connected cr free rigic bodies.

The ATB Model has been used to model such widely diverse physical

[henomene as human body dynamics, the motion of the balls in a billazd "

bame and the transient response of an M missle suspended from cables in

a wind tunnel. Thit flexibility can cause the application of the ATh

program to appear to be overly complex to the uninitiated user. ThE

purpos, cf this discuss;ion is to present some of those program features

that should be mastered to utilize the ATB program. Throughout this

discussion a number of input variables will be mentioned. A complct(-

description of these and other input vaxiables is presented ir

Sect ion 4.

To ovoid confusion betwer the overall body or oLject to be modeled and

tLe individual rigid bodies that make up the overall body, throughout

this relort the tern "segment" will henceforth be used to refer to the

individual rigid bodies and the term "body" will refer to the overall

body or object to be modeled. The approach used in the ATB Model to

model the human or manikin body (the "body" in the ATB Model simulaticn)

i, to consider the body a- being segmented into individoal rigid bodies

(the "segments" in the ATB Model) each having the mass of the body

between body joints oi, in the case of single-jointed segments, such &s

the foot, distal to the joint. An example would be the left upper arm

segment, which represents the mass of the body between the shoulder

,oin't and the elbow joint. Segments are assigned mass and

moments-of-inertia and joined at locations representing the physical

joints of the human body, such as the shoulder joint or the knee joint.

3



2.1 CHAIN STRUCTURE OF THE ATB MODEL

The system to be simulated by the ATB Model can be made up of one or

more segments which may be connected or free. The system can be made up

of a number of free segments, a number of segments coupled together at

joints or a combination of both. A body made up of coupled segments

should form an open chain or a tree structure. While this is not an

absolute requirement, closed chains may encounter computational

problems. One must also be careful not to exceed the maximum number (A

segments specified by the dimension statements of the program variables.

Currently this maximum is 30.

All body models are composed of a Number of body SEGments, NSHG, (NSBG

and similar terms refer to variable names in the ATB Model computer code

and are defined in the ATB Input Description, presented in Section 4.0).

and a Number of JoiNTs, NJNT, that are input parameters for a particular

simulation. Figure 1 depicts the 15 segment model with 1.4 joints that

is commonly used in car crash and aircraft ejection simulations. The

number of segments can be readily varied in the input without any code

modifications for up to 30 segments. In some cases a different number

of segments may be desired, for example, if an automobile impacting a

pedestrian is to be simulated, it is recommended that two more segments

and joints (for the hands and connecting wrists) be added to accommodate

the initial contacts of the hands with the hood of the impacting

vehicle. Another common variation of the 15 segment body is to break

the upper torso into two segments, jointed at the sternum to better

accommodate motion of the shoulder complex.

Whatever the specific body model, the procedure to construct the body

remains the same. The body is assembled as a chain of individual

segments. For more complex bodies, as for the 15 segment body, the body

can take on a tree-like structure, with several chains (here

representing the arms and the legs) branching out from several connected

segments. The principal limitation to this approach as implemented in

the ATB Model is that no closed loop for interconnected segments should

4
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be allowed. An example of a closed loop would be if the two segmerit..

representing the right and left lower arms were to be connected by a

joint. This would result in a closed loop composed (in the 15 segment

body) of the upper torso, left upper arm, left lower arm, right lower

arm and right upper arm.

The body segments and joints are assigned identification numberE, i I

to NSEG for the segments and j = 1 to NJNT for the joints. The

assignment of the identification numbers is somewhat but not completely

arbitrary. They are used along with the one-dimensional array, JNT(j)

for j = I to NJNT. to define the connectivity of the segments by the

joints. First, a base or reference segment is chosen as segment number

1. Although the reference segment may be any of the segments, it hag

been found that for the 15 segment body model the lower torso (LT) is

the best choice for the reference segment. When the ATB Model was firL:t

developed, the head (H) was chosen as the reference segment. However.

it was found that the erratic accelerations of the head caused numerical

problems with the program integrator and that it was more beneficial tr(

use a more stable. nonextremity segment, hence the choice of the lower

torso as the reference segment. A generalization of this result is the

recommendation that, regardless of the body model, the reference segment

be chosen to be one that undergoes the least accelerations of any of the

segments and/or is the heaviest segment.

Once the lower torso is selected as the reference segment and designated

as segment number 1 the first joint must then be selected and numbered

as joint no. 1. There are three segments, the center torso (CT). tbe

left upper leg (LUL) and the right upper leg (RUL), that must be

connected to the lower torso for the 15 segment body. Any one of the

three joints that connect the above segments to the center segments can

be assigned as joint number 1. Normally the joint connecting lower and

center torsos is chosen as joint number 1. The requirement for

sequential numbering of the segments results in the center torso being

designated as segment number 2. The general logic behind thib numbering

scheme is the relationship JNT(j) = i, where "j" is the joint number,

"i" is the segment number that is to be joined together with segment

6



oumber j + i. JNT(j) is an array within the ATB program that stores the

egment number of the proximal segment for the jth joint. In the

conltext of the ATB Model, a proximal segment is the segment at U joint

that is nearest to the reference segment whereas a distal segment is the

segmEnt further from the reference segment.

SuUCCL:VL . egment and joint identification numbers are assigned with

the provi-ion that each new Legment issigned be connected to a

previousiy assigned segmrent (the corresponding restriction within th,

program i., that the value of JNT(j) must be less then ot equal to ).

Cx.1tiing this process produces the identification and connectivity

assignments of Table 1 i-s one possible arrangement. It is obvious tLlo

this airangement is not unique.

The logic of connecting segment j + 1 to segment JNT(j) = i prevents thE

constructiov of closeo chains via the joints. The restriction.

JNT'j),' - j, allows for the possibility of specifying JNT(j) = 0. The

ATE program utilizes tilis concept to signify that joint No. j will be a

nul] joint and that s;egment No. j+l will be the reference or base

gegment of tiother body. This permitk. the specification of multiple

bo diek t hst remain c'i' r'r~zect .d or flee.

7



TABLE I:- ement- and Joint Assinmrents a-nd Connectivit_

i Segment Name Symbol Joint Name boI JNT(J Connects

1 Lower Torso LT 1 Pelvis P 1 LT - CT

2 Center Torso CT 2 Waist W 2 CT - UT

3 Upper Torso UT 3 Neck Pivot NP 3 UT - N

4 Neck N 4 Head Pivot HP 4 N - Ii

5 Head H 5 Right Hip RH 1 LT - RUL

6 Right Upper Leg RUL 6 Right Knee RK 6 RUL - RLL

7 Right Lower Leg RLL 7 Right Ankle RA 7 RLL - RF

8 Right Foot RF 8 Left Hip LH I LT - LUL

9 Left Upper Leg LUL 9 Left Knee LK 9 LUL - LLL

I1 Left Lower Leg LLL 10 Left Ankle LA 10 LLL - LF

11 Left Foot LF 11 Right Shoulder RS 3 UT - RUA

12 Right Upper Arm RUA 12 Right Elbow RE 12 RUA - RLA

13 Right Lower Arm RLA 13 Left Shoulder LS 3 UT - LUA

14 Left Upper Arm LUA 14 Left Elbow LE 14 LUA - LLA

15 Left Lower Arm LLA



2.2 REFERENCE COORDINATE SYSTEMS

The ATB model utilizes many reference coordinate systems with respect tu

wriich points in space and directions are calculated within the program.

Considerable flexibility in the choice of coordinate systems and their

specification for both input and output are available. The primary

coordinate systems used in the model are the inertial, vehicle, local

body segment, principal, joint and contact ellipsoid reference

coordinate systems. The specification of each reference coordinate

system requires an origin and a direction cosine matrix (usually

initially specified by three rotation angles, yaw, pitch and roll) which

relates one reference coordinate system with respect to another. All

coordinate systems discussed in this section are orthonormal.

2.2.1 Inertial Reference Coordinate System

The ATB model assumes that the coordinates of the origin of the inertial

reference coordinate are zero and all other coordinate systems are

specified with respect to this system. The user may equate the origin

of the inertial reference coordinate system to any convenient point from

which his data are referenced. The frame of reference is arbitrary and

is partially specified by defining which way is down by the values

supplied for the components of the gravity vector. It has been

customary to supply (zero, zero, g) as the components of the gravity

vector to specify that the positive Z axis is pointing downward. Hence,

in terms of a standing man, the force of gravity would be pointing in

the direction from his head to his feet. The forward direction

(pointing from the back of the standing man to his chest) is taken as

the positive X axis and (by the right hand rule) the positive Y axis is

it the lateral direction (pointing from the standing man's left side to

ikis right side). However, the user may specify any frame of reference

that suits his application, one with which he is more familiar, or in

which his input data has been measured.

It ic, 6ometimes necessary that contact surfaces (planes or ellipsoids)

be located witr, respect to the inertial reference coordinate system,

9



e.g.. the ground for pedestrian simulations. Since the program assumes

that contact surfaces are associated with segments, a special segment

identification number (NGRND) is used within the program for this

purpose. NRGND is the largest segment number used by the program and is

assigned the value NGRND = NSBG + Number of air BAGs (NBAG) + number of

vehicles + I and essentially corresponds to the inertial coordinate

system. The linear position and velocity for this artificial segment

are set to zero and its direction cosine matrix to the identity matrix

throughout the duration of the program. This permits the use of segment

NGRND for the attachment of contact surfaces.

2.2.2 Vehicle Reference Coordinate Systems

Up to six vehicles with specified motion can be defined. Thb primary

vehicle is the last vehicle defined and is different from the other

vehicles in that it serves as the default reference coordinate system

for several types of input and output. Most of the contact panels are

usually defined with respect to this system and much of the output

(printer plots and tabular time histories) can be produced with respect

to this system to correspond with photographs and drawings with respect

to the vehicle. The origin of each of the vehicle coordinate systems is

arbitrary, and any convenient reference point may be chosen for which

input and output data would be most meaningful. The locations of the

vehicle origins with respect to the inertial reference coordinate system

origin are specified by XO. Again, the frames of reference (the

directions of the positive X, Y and Z axes) are arbitrary and should be

chosen to accommodate available input data. The initial velocities and

direction cosine matrices are determined from the options available to

specify vehicle motion.

A special segment identification number is assigned for each of the

vehicles where NVEl1 = NSBG + 1. NVEH2 = NSEG + 2, etc. so that each

vehicle may be treated like other segments for segment assignments for

contact surface specifications. However. no matter how large the

computed contact forces and torques are on these vehicle segments. the

prescribed motion of the vehicle segment will not change.

10



2--2.3 Body Segment Local Reerence-Coordinate Systems

Each body segment has a local reference coordinate system which is

L;oMetinles referred to as the segment geometric coordinate system. Each

body segment has a mass and principal moments of inertia. The local

reference coordinate system has its origin at the segment mass center.

the principal moments of inertia are with respect to this origin and the

principal axes for the principal moments are specified with respect to

the local reference system. The (hyper)ellipsoidal contact surface

origin and orientation is also specified with respect to the local

reference system. There is no direct association within the ATB model

of the segment inertial properties and the (hyper)ellipsoidal contact

surface that can be associated with the segment. Unlike the vehicle

segments, a body segment can have up to six degrees-of-freedom and its

kinematics are computed based on the dynamic interactions the body

segment experiences during a simulation. A body segment can be given an

initial position, orientation, and linear and angular velocity and its

motion is then computed for the remainder of the simulation subject to

any imposed constraints (e.g. number and type of joint) and applied

forces. The motion of the body segments can not be specified unless the

body segment is also defined as a vehicle.

To provide a means for the body segments to interact with the

environment, one or more contact (hyper)ellipsoids can be attached to

each body segment. These contact (hyper)ellipsoids are what the user

sees in the various graphics of the ATB model and generally correspond

closely to the physical dimensions of the actual object that is to be

modeled by the body segment. The contact (hyper)ellipsoids have no mass

or moments of inertia, they are solely for the purpose of providing the

body segments with a means of interacting with surrounding environment.

Contact planes can also be attached to the body segments to provide

another way for the body segment to interact with the environment.

While the orientation of the segment local reference coordinate systems

can be arbitrarily defined, the standard convention has been to choose

the axis so that when the body is in an upright standing position with

11



arms at the side, the Z axis is downward, the X axis to the front and

the Y axis is to the body's right.

2.2.4 Body Segment- Principal- oodinae- systems

The dynamic equations in the ATB model are solved in terms of principal

axes. All three-dimensional bodies have an inertia tensor. Six of the

nine inertia tensor elements are independent, therefore it is a second

order, symmetric tensor. Any body has three principal directions for

which there are three moments of inertia, corresponding to the diagonal

elements of an inertia tensor when all the off-diagonal terms are equal

to zero. The segment principal coordinate system axes correspond to the

three principal directions, therefore only the three principal moments

of inertia must be specified.

The principal axes are fixed with respect to the segment local reference

axis and their orientation must be specified only once. All other model

input and output referring to the segments is in terms of the body

segment local reference coordinate system. After input, the ATB model

converts all data points expressed in the local segment reference

coordinate system to principal coordinates and, prior to output, back to

the local segment reference coordinate system in a manner that is

transparent to the user. Therefore, when the input description (Section

4.0) refers to local body segment reference, the local and not the

principal moment of inertia reference coordinate system is implied.

Note that for some cases where the principal axes are aligned with the

local reference axes the two are coincident.

2.2.5 Joint Reference- Cordiate Systems

Because of the mathematical formulations used by the joint force and

torque computation subroutines within the program, it is necessary to

define two coordinate systems for each joint, one rigidly attached to

each of the body segments that are connected by the joint. As described

above, these two body segments are identified as segments Nos. JNT(j)

and j+l for joint No. j. SR, the origin of each joint reference

12
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rfferEnce coordinate system and ends at the point in the local

ccorcinate system where the center of the contact (hyper)ellipsoic ito to

be attached. The orientation of the contact (hyper)ellipsoiC is

specified by rotation angles with respect to the local referexice system.

If no rotation angles are specified for the contact (1ypcr)ell i[.oiu,

the X. Y and Z semi-axes of the contact (hyper)ellipsoid are absumed to

c oirtcice with the X. Y and Z axes of the local reference system of the

sejnient to which the contact (hyper)ellipsoid is attached.

Contact hyperellipsoids can be used for hyperellipsoid/hyperellipsoid

coitacts and hyperellipsoid/plane contacts, but only simple ellipsoid,

car be used for belt/ellipsoid contacts, harness belt/ellilsoid ccntE ct

or air bag/ellipsoid contacts (where the air bag is a special type of

contact ellipsoid). More that one contact (hyper)el]ipsoid can be

attache. to one local (body. vehicle or ground) segment. The coritaki

ellipsoids originally defined with the segment6 are those depicted by

the VIW program. Additional contact (hyper)ellipEsoid specified later

i., Ale input can not. be drawn by the current version of the VIEW

graphics program (Fef. 6).

The only input data specified in terms of the contact (byper)ellipsoid

coordinate system, besides the (hyper)ellipsoid semi-axes, are those for

the simple belt and harness belt algorithms. The belt points that

co,,tact the surface of a contact ellipsoid are specified in terms of the

contact ellipsoid coordinate system. This is a physically realistic

situation since one would expect both the simple and harness btltb to

lie on tht surface of a body segment, which is nodeled as a contact

ellipsoicd.

2.2.7 Apt,] Fic: Force and Torque Coordinate Systems

The ATB model has the capability to apply time-dependent fcrces and

torquet; to body segments. A force/torque coordinate system is dLined

Su'h that a positive force is applied in the positive X direct o, (f I Ii

force/torque coordinate system and a positive torque is applied alcirt

tlie posirivE X axis of the force/torque coodiate System using the
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right hand rule. The origin and orientation (rotation) of the

forcc/turque coordinate systems are specified with res[,ect to the loca]

r( te.-unzce coordinate sy~rte ot t ite segment to which the folce/torqLL- i-

to be applied.

2.3 DIMENSIONAL UNITS AND GRAVITY

before any body or vehicle data can be considered for input to model,

the user must decide which units of measurement are to be used for thF

simulatiorn and in which direction, relative to the inertial system, the

gravity field is to point.

2.3.1 Selecting Dimensional Units

The units of measurement for the input data (i.e. pounds/inches/seconds

or newions/meters/seconds) must be chosen. The choice is arbitrary and

there is no default, but once the selection is made, all input data must

b( in the same units. Choosing the units of measurement for the inpt

data also automatically specifies the units for the output data. The

units of measurement are selected by supplying the alphanumeric names of

the abbreviations for the units of force (UNITM). distance (UNITL) and

time (UNITT). These input parameters are used to annotate the ATB model

output, including the listing of the input on the primary output file

(FORTRAN logical unit 6).

The units of measurement used in the ATB Input Description for

illustrative purposes are pounds. inches and seconds. These unitE were

selected at the time of the initial development of the model when most

available data were in these units. These particular units were

selected cn the Lasis of convenience only and should not be considered

a,,; the standard units. Although there are no official units, the format

(field width and number of digits following the decimal) for various

output items were established on the basis of the expected magnitude of

output for a simple car crash type simulation, assuming the pound, inch
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and second measurement system. Hence it is possible that a different

choice of units may result in output that, while numerically correct,

may not have the desired output format.

Note that mass units are not required for input and output purposes.

although they are assumed internally by the program. This ib

accomplished by supplying the weight of the body segments using the

force units. The ATB program converts these input values to mass units

by dividing these force units by the value of the acceleration due tu

gravity which must be provided as input. Unfortunately, an

inconsistency was introduced during the early development of the program

for the input units required for the principal moments of inertia (PHI).

In retrospect, the units for the principal moments of inertia should

have been weight (force) multiplied by distance squared, and the input

values converted by the program by dividing by the acceleration due to

gravity, as is done for the segment weights. As the input is now

established, the required units for these principal moments of inertia

are weight (force) multiplied by distance multiplied by time squared.

which is equivalent to mass multiplied by distance squared. This

inconsistency has never been removed because its removal would

invalidate many already established input files.

Once the units of measurement have been selected, the user must next

define what is meant by the inertial coordinate system. As discussed

earlier the inertial coordinate system is the coordinate system to which

all other coordinate systems are referred and it is within this system

that Newton's laws hold. The inertial coordinate system of the model is

assumed to be at rest, but is designated as a segment called the ground

segment with its segment number given by NGRND. Defining the inertial

coordinate system means specifying which direction, with respect to tlh'

inertial coordinate system, is considered to be "up" and which direction

is considered to be "down".
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Most whole body simulations have had "down", meaning the direction an

object would travel if subjected to gravity alone, aligned with the

positive Z axis. This would be specified in a simulation as defining

the gravity vector GRAVTY. as (0. 0, g) where g corresponds to the

standard coefficient of gravity at the surface of the earth.

The gravity field defined by GRAVTY is assumed to be constant throughout

space and time in the ATE model and is applied to all segments that are

given a nonzero weight. The magnitude of the vector GRAVTY is used tc

compute the masses of the segments from their supplied weights. If the

user wants to simulate the motion of an object in a zero gravity field.

such as a spacecraft in deep space, the gravity vector would be supplied

as GRAVTY (0, 0. 0). The magnitude of this vector is obviously zero so

computation of the masses of the segments from their weights would not

be possible using the magnitude of GRAVTY. To circumvent this problem.

the user has the option of supplying G. G represents a factor by which

the weights of the segments will be divided to yield a mass. If G is

supplied as nonzero, the ATE program will use the value of G rather than

the magnitude of GRAVTY to campute the masses of the segments. G must

be nonzero when GRAVTY (0.0.0) is used. For the case when the magnitude

of GRAVTY is nonzero and G is also nonzero, the program will apply the

vector GRAVTY to all segments with a nonzero mass but the weights of the

segments will be converted to mass by dividing by G.

2.4 INITIAL POSITIONING OF THE ATB SEGMENTS

In addition to the specification of the inertial properties and coupling

scheme of the segments, the initial position and velocity of the body

segments wmst be provided. The ATB program requires the initial

position of the c.g. of the base or reference segments in the inertial

teference coordinate system and the initial orientation of each locel

body segment to be specified. For the total body free in space this

process can be relatively straight forward, however, when body

interactions with the surrounding envirormient (for example, seat and

floorboard contracts) have to be taken into account the process can

become fairly involved. The reason for this is that the body must
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initially be in static equilibrium and this equilibrium depends on the

balancin~g of gravitational forces by contact forces. The latter sre

highly position dependent and must be properly chosen to avoid large

initial segment accelerations. Two general methods can be used to

achieve initial equilibrium. The first is an iterative adjustment

piocess and the second uses an internal equilibrium routine.

_.4.. 1 Iterative ositionjjIehod

The iterative method requires initial prescription of the initial

position and then the execution of a simulation to zero time. This can

be done by setting NSTEPS to zero, and by supplying a nonzero value for

N-?RT(3). A tabular printout of all of the external forces and torques

and resulting linear and angular positions and accelerations is pruoduced

for time zero. Then the user adjusts the positions based on the initial

anglar and linear accelerations and the contact forces. This procedure

usually requires several iterations to insure that the body is in statli

equilibrium with its environment which is determined by the absence of

large accelerations for any of the body segments. Perfect equilibrit,

is generally not attainable for the seated or standing position.

however, small initial accelerations are tolerable, especially if they

are much smaller than the accelerations induced by the dynamic

environrental conditions under study.

2.4.2 The Fuilijbritm Routine

Ar equilibrium option has been incorporated into the ATB program to

assist the user in achieving this initial equilibrium of the body

segments. It has been designed in a general manner to solve any

equilibrium problem, but can be exceedingly complex to use. The input

description (Section 4.0) describes a procedure designed at Calspan that

produces equilibrium (zero accelerations on all body segments) for i

typical seated occupant configuration. It utilizes an automatic

multiple iteration procedure that simulates the adjustments a body .take,,;

to comfortably qeat itself inside er automobile seat confiburatiur. it

i , suspected that the resulting configuration is unique fox the 6tt u
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specified contact forces desired. To adapt this procedure to other

configurations, it is necessary that the body segments not be over c-i

under constrained as determined by the contacts allowed, locked joints

and the imposition ot rolling and sliding constraints. Supplying tht

proper input for the general case is not a simple matter, but following

the instructions described in the input description should greatly

assist the initial positioning of a seated occupant in a standard

automobile or ejection seat configuration.

2.5 TIME AND OUTPUT ONTROL OF THE AIB PROGRAMS

Time control parameters must be specified for each simulation. These

parameters control the length (simulation time) of the run, the amount

and format of the output, the tabular time histories, and operation of

the program integrator. Although the program places no restrictions on

these input parameters, a judicious choice of the parameters can improve

calculational efficiency and numerical stability.

The primary control of time is performed by the Main Program of the A1h

program. Here, after all input and initialization is performed, time is

advanced in steps of DT seconds by calling the program integrator.

After each DT time step, control is returned to the main program wherE

the print indicators NPRT(l) thru NPRT(7) are tested to perform optional

outputs. This is done for time zero and at each integral (one thru

NSTEPS) multiple of DT seconds of simulation time. The total simulation

time is therefore NSTEPS*DT seconds where NSTEPS and DT are input

parameters. The values of NSTEPS and DT should therefore be chosen so

as to provide the desired length of the simulation and amount and

frequency of output data.

A secondary control of tire is performed by the program integrator,

subroutine DINT. This is controlled by the supplied values for HO, HMIN

and HMAX. The integrator advances time in substeps of H seconds

starting with HO and varying between HMIN and HMAX. H is halved when

convergence of the integrator parameters is not achieved, but H is not

permitted to become less than HMIN. If convergence is not attained with
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a HMIN time step the simulation stops. If the convergence criteria arc

satisfied for several integration steps, H is increased by 2. This (,an

continue until the integration step reaches HMAX. Although not

absolutely required, it is best that DT be chosen an integer multiple of

HMAX so that the DT time step will be executed in equal HMAX substeps

during periods of stable activity. Also. since the value of H is

permitted to double during these stable periods or be halved during

unstable periods, the integrator will execute more efficiently if HMAX

is a power of two multiple of HMI14 and HO.

It has been observed that suitable values for HMAX lie between one and

five msec for most occupant and pedestrian simulations. Generally.

values for DT of 0.002. 0.004, 0.010 or 0.020; HMAX of 0.001 or 0.002;

and HMIN and HO of 0.000125 or 0.000250 seconds work satisfactorily. It

is possible to execute the integrator in a "fixed step mode" by settiler

11NAX = HMIN = HO, but this is not recommended.

Une other input parameter is worth mentioning here. namely NDINT. The

integrator basically performs NDINT iterations of functional evaluatior,

at both the midpoint (TIME + H/2) and endpoint (TIME + H) of the current

time substep with convergence being tested after each endpoint

evaluation. Although some writers have suggested that only one is

necessary for the value of NDINT. it has been observed that an even

number works better (because of the behavior of the integrator) and that

extra evaluations, in an attempt to achieve convergence, are less costly

ttan perzitting the integrator to halve the time step. Therefore. a

value of 4 or 6 for NDINT is recommended.
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3.0 ORGANIZATION OF ATB INPUT LATA

The input for the ATB program is contsined in a single primary input

file (FORTRAN Unit No 5). It is a formatted file, structured in a fixed

80 column card format of alphanumeric data input. Each record of the

file therefore corresponds to the contents of an input card that has a

unique identification (e.g. input Card A.1.a). This produces a modular

form for the content& of an input file for the ATB program. For

example, the A input cards contain the general run parameters, the B

input cards contain the inertial and geometric parameters that define

the segments and joints of the body, the C cards contain the parameters

that define the vehicle motion, etc. Since most computer systems permit

the concatenation of files, the input file for the ATB program could

possibly consist of several previously co-- ructed files that are

concatenated in the proper sequence at exL ution time. The modularity

of the input makes it possible for complete sets to be replaced by

existing sets that have been previously used.

The ATB program has innumerable options available to the user, and each

characteristic generally consists of a predefined number of parameters.

For example, the crash victim body consiets of a variable number of

Eegments and joints specified by NS13 and NJNT supplied on input Card

B.1 that, in turn, control the number of B cards to follow. Thereforc,

the structure of any ATB program input file or deck is variable and is

completely specified by previously supplied parameters. Some input

cards arc always required, others are needed only for previously

specified parameters, and, in muosL cases, the number of cards within any

given set is determined by a previously defined parameter. Because of

this variable structure for tho input deck, a fixed format for the

1rogram input that is common for n1any computer programs was not used.

In fact, ATB program input decks mfey be as small aE 15 or 20 cards and

as large as 700 or 800 cards.

During the input portion of the A'IB program, considerable program

initialization is performed that, ir some cases, changes the actual



supplied input (e.g., degrees are converted to radians) and a completely

annotated listin6 of the program input is produced on the primary output

unit (FORTRAN unit No. 6). It is suggested that, as one first attempts

to read the input description for the ATB program (Section 4.0). they

have one of the primary output listings available to assist in the

initial understanding of the many program features that are availabi't

and the matiner by which they are controllea within the progran.

Following is a summary of all of the input cards. A complete

descriptio., giving the format for each card, the conditions that

specify its necessity, the input parameters to be supplied on each card

and a definition of each of these parameters, is presented in, Sctivr,

4.0.

A. Run control parameters

A.l.9-c Date, restart control, run description

A.2 Variable changes for restart procedure

A.3 Dimensional units, components of gravity

A.4 Integrator parameters

A.5 NPRT array for output control

B. Physical characteristics of the body

B.1 Body title, No. of segments and joints

B.2.a-b Physical characteristics of body segmentE

B.3.a-b Physical characteristics of joints

B.4 Joint spring function coefficientis

B.5 Joint viscous function coefficients

B.6 Integrator convergence tests for body seguients

B.7.a-b Controls for flexible elements

C. Prescribed segment (vehicle) motiorn

C.l Vehicle motion title

C.2.a-b Prescribed motion control parameteTr
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C.3 Unidirectional deceleration tables

C.4 Six degree of freedom deceleration tables

C.5 Spline fit tables

D. Contact surface and other environment definitions

D.1 Number of contact panels, belts, airbags, etc.

D.2.a-d Plane description and input deta

D.3.a-c Simple belt description and input data

D.4.a-h Airbag description and input data

D.5 Additional (hyper)ellipsoid contact surface

input data

D.6 Constraint and tension element input data

D.7 Body segment symmetry optionb

D.8 Spring damper input data

D.9 Applied force/torque function input data

E. Function definitions

E.1 Function idertification number ard titli

P:. 2 Function definition control parameters

F.3 5th degree polynomial coefficients

E.4.a-b Tabular function definition

F.5 (No longer required by program)

E.6.a-d Wind force functions input data

E.7.a-d Joint force functions input date

F. Allowed contacts and associated funct4UcL

F.1.a-b Menu for plane-segment contact functions

F.2.a-b Menu for belt-segment curt'ct functions

F.3.e-b Menu for segment-segment contuct functions

F.4.a-b Specifications for globalgraphic joint functions

F.5.p Specifications for joint forc&E option
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F.6 Al1cd eirLag-segment contact defiiticim

F.7.a-b Wind force functions specificatiorib

F. 8.a-d HarnesL-belt system,,- input data

G. Initial positioning input

G.i.a-b Printer plots control paraniterL

G.2 Initial position and velocity for refererce

segments

C.3.a-b Initibl &c,went angular oriEntaticri ar(l vc]o(ity

input data

G.4 Equilibritn control parameters

G.5 Equilibrium control assignments

G.6 Equilibritnm (onstri-int assignments

H. Tabular time history output control praetvlei

H.l.a-b Linear accelerations of select(( cit .lt on

segments

H.2.a-b Linear velocitieb of selected points on segments

H.3.a-b Linear positions of selected points on segmer.tL

H.4 Angular accelerations of selected segments

H.5 Angular velocities of selected setnmentE

H.6 Angular orientations of selected tcament:

H.7 Joint parameters for selected joirt-.

H.8 Wind forces on selected Eegentk;

H.9 Joint forces and torques for selected joint,

H.10.a-b Properties of selected sets of segmenti,

?.lI Parameters for HIC, HSI and CST computalic

I. Specifications for Celcomp plots

1.1 No. of plots and Y variables jF.r lt>f

J.2 X arid Y variables to be plotted

1.3 Parameters for horizontal (X) 6)is

1.4 Parameters for vertical (Y) axis
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1.5 X axis label

1.6 Y ayis label

1.7 First lirc (f vA lbel

J.8 Second line of plot label
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4.0 INPUT DESCRIPTIOI FOR THE
LAMIL LiTICULATID TOTAL BODY MODEL

ATB-IV. 0
JULY 1988

The following is an input description for the Articulated Total !
Body (ATB) Model. Both the input description and ATB Model are I
available from the Modeling & Analysis Branch, Diodynamics &
Bioengineering Division, Armstrong Aerospace Medical Research I
Laboratory, Wright-Pattewson Air force Base, Dayton, Ohio 1
45433-6573, ((513) 255-3665). The ATD Model is the Air Force I

sponsored enhanced version of the Crash Victim Simulator (CVS) I
Model developed by Calspan for the Department of I
Transportation. All revisions and enhancements to previous
versions of the ATB Model are denoted by the symbols below. !

i.1 Symbol Key:

A line with any of the symbols '1', W, "'" or '"" to the !
right of it indicates that a change has been made to the input I
description since the version described in Calspan Report No. I
ZS-5881-V-3, *Validation of the Crash Victim Simulator', Volume 1
3, User's Manual, February 1082. !

The symbol "I" indicates that a change has been made to the I
input description to correct, clarify or update the text of the I
input description or to make the input description more I
consistent with the ATD code. It does not indicate a change to I
the actual input to the ATB Model. I

The symbol "W" indicates that a change has been made to the I
input description for an already existing card in much a manner I
that previous input decks are still acceptable a" proper input I
for the current version of the program if no modification is I
made to the previous input deck. The symbol WS essentially I
indicates a new feature or option of the ATB program that is i
not affected by previous input decks unless the input necessary I
to activate these features is included In the input deck. I

The symbol "Z" indicates that a card has been added to the ATB 
Model input in such a manner that previous input decks are I
still acceptable as proper input for the current version of the I
program, provided that a blank card is inserted where the new !
card is required. !

i-l Rev IV.0
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The symbol " indicates that changes in format or content are
required to previous input docks to be acceptable as proper
input for the current version of the program.

The following additional special symbols are used throughout
the report:

"e" is used to indicate *not equal*.
*C is used to indicate 'less than*.
" is used to indicate 'greater than*.
" is used to indicate "absolute value.

i.2 Revisions and Updates

This version of the ATB Input Description has been reformatted
to permit individual pages to be updated without requiring that
the entire input description be reprinted. Therefore, future
updates will include only those pages affected and a complete
new input description will not be printed. Any change symbol
on pages with revision number IV.O denote ohanges to the input
description from the Calepan report mentioned above. Future
updates will be designated with a revision number on the
specific page of the change. The first page of the input
description will also be updated for each revision to show the
current version number of the input description. 9

1.3 Description of FORTRAN FORMAT Statements Used

At the beginning of the description of each card appears the
FORTRAN FORMAT statement that specifies the structure of the
input image for that card. The only format codes used by the
ATB program are:

nFw.d (F to describe real data fields)
nlw (I to describe integer data fields)
nAw (A to describe alphanumeric data fields)
wx (I to indicate a field to be skipped)

where: n, w and d are unsigned integer constants

n - is optional and is a repeat count used to denote the
number of times the format code is to be used. If n
is omitted, a value of one is assumed and the code is
used only once.

w - specifies the field width (number of columns on the
card).

i-2 Rev IV.O
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d - normally specifies the number of decimal places to
the right of the decimal point, i.*.. the fractional
part of the number. However a decimal point supplied
within the field will override the d specification.

/ - is used to indicate the end of a card image and that
the remaining fields are to be supplied on a
succeeding card.

All variable names used follow the standard FORTRAN naming
convention, i.e., those variables where the first letter of
their nae Is A-H or O-Z are real (actually double precision on
IBM, UNIVAC, Data General and P-1 computers and single
precision on CDC computers) and those with I-N as their first
letter are integer.

All real data have a Fw.O format code which requires the use of
a decimal point within the specified field to override the d-O
specification. On most computers F, D and K format codes are
completely interchangeable for input which permits one to
supply an exponential (power of ten) multiplier; e.g., 0.000001
may be supplied as I.OD-O, provided that the exponential term
is right adjusted within the field width. In all other cases.
real data using the Fw.0 format code may appear anywhere within
the field width. All blanks are assumed to be a zero and
therefore ignored. A blank field will therefore input a value
of zero.

All integer data use a Iw format code and mast be right
adjusted, i.e.. must appear in the rightmost columns of the
field.

Several names, titles and other descriptive Item are
alphanumeric data and use the Aw format code. Here blanks are
spaces and the actual characters desired may appear anywhere
within the field.

The use of the symbol 00 for any format such as: FORMAT (20A4
/20A4)*# indicates that columna 73 - 80 of that card are used
for input and should not be used for identification purposes.

i-3 Rev IV.0
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OUTLIIK OF INPUT TO TMN PROGUM

Cards A - Date and run description, units of input and output.
control of restart, integrator and optional output.

Cards B - Physical characteristics of the segnents and Joints.

Cards C - Description of the vehicle notion.

Cards D - Contact planes, belts, air bags, contact
(hyper)ellipeolds, constraints, sy mtry options,
spring dapers, and prescribed forces and torques.

Cards K - Functions defining force-deflections, inertial
spike, energy absorption factor, and friction
coefficients.

Cards F - Allowed contacts ang segments, planes, belts.

airbags, contact (hypor)ellipsoids and harnesses.

Cards 0 - Initial orientations and velocities of the segmnnts.

Cards R - Control of output of time history of selected
segmant otii s, Joint paraeters, wind forces.
joint forces and torques, total body properties, and I
injury criteria.

Cards I - Control information for plotter output.

i-4 Rev IV.0
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A. Main Program Input

Card A.1.a FORMA? (3A4, 214, P8.0)

DATE(I),IM1,3 Date of the run (12 characters).

IRSIN Restart input unit go. If blank or zero,
all input to be supplied on cards A.3 to
CARDS H.10. If nonzero (suggested value
x 4) Input will be supplied from a
previous restart tape and Cards A.I.b. c
and A.2.

IRSOUT Restart output unit No. If nonzero
(suggested value -3), records will be
written on this output unit for future
restart runs. An initial record
containing all input and initialization
data will be written plus a time point
record at every tim interval as
specified by DT on Card A.4.

RSTIMS Restart time (seo.) required if I1I 0
0. Should be nonzero and an integer
multiple of DY on Card A.4. Program will
read records from the previous restart
tape up to and including this time, make
changes per card A.2, and continue
operation from there.

Cards A.l.b - A.1.c FORMAT (20A4 / 204) 'I

COMIBUT Description of the run (160 characters on
two cards).
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Cards 1.2 are required only if IRSI ) 0, in which case all
other input as specified on Cards 1.3 to 3.10 are bypassed.
Two sets of A.2 (each terminated with a blank card) are
required. The first set is processed after the Initial input
record is read from input unit INSI8 and, if IOUT 6 0, before
the input record is written on output unit IROUT. The second
set is processed after the time point record for TI N - ISTIM
has been read and, if I3OT06 0. after the same record is
written on output unit I3OUT, but before the program resumes
operation.

Cards A.2 FOM&T(AS, 414, 2(FS.0, 18, £8) )

AVAR Alphanumeric name (left adjusted in
field) of variable to be redefined for
restart. Program is capable of changing
most variables in the labeled comon
blocks as used after all initialization
has been performed. The user should
ascertain that changing this variable is
valid for the program.

IBDEK(I),I=1,3 The array indices, if any, of the
variable. Must agree in number and the
values must be less than or equal to the
dimensions of the variable. Blank or
zero for no dimension.

ITYPE Supply 1, 2 or 3 to indicate that the new
value is to be real(3R), integer(II) or
alphanumeric(AA). Must agree with the
type of the variable within the program.

RR, II or AA Now value of the variable AVA3 to be

supplied in the appropriate field
determined by the value of ITYPI.

RROLD, HOLD The previous value of the variable &VAR
or IAOLD in the appropriate field according to the

ITYPI value. Integer or alphanumeric
data will be tested exactly, real data to
5 significant digits. If the current
value is different, the program will
terminate with an error message. If zero
or blank is supplied, no check is
performed.

These A.2 Cards will be processed until a blank value for AVAR
is encountered. No further input is required.
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Card A.3 FORMAT (3A4. 412.0)

IJITL Label for unit of length (4 characters). I

UMITM Label for unit of force (4 characters). I

UMITT Label for unit of time (4 characters).

Mote: UMITL, UNITM and UNiT? can be any set of consistent I

units, however, throughout this description, inches, pounds and I
seconds (in,lbsec) are used as saple unite. If other units I
are used, the field widths of som output format statements my I
have to be changed. I

GIAVTY(I),I=1,3 The x, y and z oomponents (in/nec*e2) of I
the gravity vector in the inertial I
coordinate system. Typically, the vector I
(O.0,g) is used. This defines gravity to I
be applied along the positive inertial z I
axis. Any vector may be used, including
(0,0,0) for a weightless environment.

0 The value of the constant (in/sece*2), I
which the input segmnt weights will be I
divided by to obtain their mass. If I
blank or zero, the magnitude of the I
gravity vector will be used. 0 must be !
nonzero if GRATTY = (0.0,0).
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Card A.4 FORM4T (214. 478.0)

WDINT lumber of iterations for the final
convergence test of the integrator
Subroutine DINT (minimum value - 2,
suggested value - 4).

NSTNPS Number of output time points. AMy be
zero to obtain initial conditions.

DY Main program time interval for integrator
routine output (see). The total time of
the run will be NSYIPSeDT seconds.
Program output can be obtained every DT
seconds or integer multiples of DY.
Note: The value of DT can affect
simulation results (mince the integrator
is forced to provide output at every
integer multiple of DY), in addition to
regulating the frequency of output data.

HO Initial integrator step size (sec).

HMAl aximum integrator step size (sec). For
best efficiency DT should be an integral
multiple of aEAr and HR a power of two
multiple of NO. (Suggested value a 0.001
sec.)

HIlN Minimum integrator step size (see). If a
fixed step size is desired, set HM
greater than HEMA, and step size will
double from HO until HR is achieved.
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Card A.5 FORMAT (3012)

NPRT(I), 1-1,38 An array of indicators that control
various optional output and program
control features of the program.
Generally. for the output parameters, a
blank or zero value indicates no output
for that item and a value of one will
produce output each time the routine is
executed. The printed output, produced
by elements 8-17 and 20-25 is intended
for diagnostic or 'check out" purposes
only, can product large amounts of
partially labeled output and should not
be used f or long or production runs. One
should consult the listing of the
subroutine for a description of the
diagnostic items that are printed.

The NPl? array (* - see notes below)

Element No. Subroutine Output produced
1 (10) MAIN Output unit No. 1
2 00' MAIM Subroutine ELYIM table
3 (10) MAIN Subroutine PINT output
4 (20) OUTPU'T.POSTPR Output unit No. 8, plots
5 (10 FRIPLT Y-Z view printer plots
8 (10) PRILT X-Z view printer plote
7 (10) PIFL X-Y view printer plots
8 (30) DAIJI 1.1, 318 and C arrays
9 DAUX Subroutine PRINT output

10 IMPULS Diagnostic output
11 SITUPI U2,Vl arrays
12 VISPR Diagnostic output
13 FRIPL? CJOIUY array
14 WINDY Wind forces
15 BELTO Diag.iostic output
18 MBELT Harness-belt forces
17 IDE??! Diagnostic output
18 (40) OUTPUT,POSTPR Limit tabular time histories *
19 not used
20 CHAIN SEGLP,SEGLV
21 AIRBAG Diagnostic output
22 A138431 Diagnostic output
23 DINPUT HT and HS arrays
24 UPDATE Roll-slide test output
25 DINT? Convergence test data
28 (50) DINT,POSTPN Tabular time history output
27 SQUILB Intermediate results
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Card A.5 (continued)

28 (6) HPURB Harness belt forces
29 not used
30 (7) POTPR Plot and HIC data frequency 0
31 (8) POSYPR Type of plot output device *
32 not used
33 not used
34 not used
35 not used
30 (9') DRIFT Controls drift of Joints S

Motes concerning elements of the NPR? array

1* For elements 1, 2, 3. 5, 6 and 7, the value indicates the I

frequency of output. Zero will produce no output (for I
element Mo. 2, the WLTI table will be printed once at the
end of the run) and a non-zero positive value (M) will I
produce output every NID? (from Card A.4) seconds.
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Card A.5 (continued)

2* The value of NPRT(4) is used (after version 18A) to control:

(1) Write the tabular time histories (specified by Cards H
and the allowed contacts on Cards F) on either
(a) the multiple output units (No. 21 and up) by

Subroutine OUTPUT, or
(b) the primary output unit (No. 8) by Subroutine HMDING.

(2) Store the time history data on output unit No. B by
Subroutine OUTPUT to be later used by Subroutine PO8TPR.

(3) Generate plots of the time history data (specified on

Cards I) by Subroutine POSTPR.

Permissible values of NPIRT(4) range from -3 to +4 as follows:

Supplied value for NPRT(4)
+4 +3 +2 +1 0 -1 -2 -3

1 Control Cards
Multiple output units yes no no yes yes no no no
Output unit No. 8 yes yes yes yes no yes yes yes

2 Card Input
Cards B.1-H. 10 yes yes yes yes yes no no no
Card H.11 no yes yes yes no yes yes yes
Cards I no yes no yes no yes no yes

3 Main Program Operation
Integrate and/or restart yes yes yes yes yes no no no
Call Subroutine POSTPR no yes yes yes no yes yes yes

4 Print time histories
Multiple output units yes no no yes yes no no no
Primary output unit no yes yes no no no yes yes

5 Output unit No. 8
Write (Sub OUTPUT) yes yes yes yes no no no no
Read (Sub POSTPR) no yes yes yes no yes yes yes

6 Generate plots (Cards I) no yes no yes no yes no yes

Note: If NPRT(4) is negative, input Cards B.1-9.10 should not
be supplied.
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Card A.5 (continued)

3* A value of IPRT(S) a 2 will print the designated arrays
before and after th. first call to Subroutine FSMSOL only.

4* The value of IPRT(18) controls the printing of the tabular *
time histories not specified by the 8 Cards. A value of 0
NPRT(18) - 0 will result in the printing of all the tabular 0
time histories, as in previous versions of the model. None 6
of the tabular time histories listed below will be printed 0
for a value of IPRT(OB) a 16. The table below lists which 6
time histories that will be printed for the other values of 0
NPRT(18). The types of time histories are labeled with 'y' 0
for yes, indicating this tabular time history will be 0
printed and 'n' for no, indicating it will not be printed. 0

Supplied value of NPRT(18) 0
0 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16

Plane/seg y n y y y y y n y y n n y y n n n 0
Belt/seg y y n y y y y n n n y y y n n n n 0
Harness-belt y y y n y y y y n n y n y n n y n 0
Spring-dmprs y y y y n y y y y n y y n n n n n 0
Seg/seg y y y y y n y y y y n n y n y n n 0
Airbag y y y y y y n y y n y y n n n n n 0
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Card A.5 (continued)

50 MPRT(20) controls the frequency of the tabular time history

output. Values of -9 through 0 are permissible. I

(a) If the tabular time histories are printed on the
multiple output units 21 and up (3IP11(4) = 0,1 or 4), I
the value of PR(20) controls the frequency of the I
output as follows: I

(0 - print one line every tlM??(26)UDTI seconds;
0 - print one line every DY (from Card A.4) seconds;
1 - print at the end of each successful integration step;I
2 - print at every intermediate time point of each step. 1
3 - print one line every DY (from Card A.4) seconds; 0
4 - no lines are printed; 0
5 - print at the end of each successful integration step;#
6 - no lines are printed. 0

(b) If output unit No. 8 is generated (PRT(4) ) 0), 1
records are written to output unit No. 8 as follows: I

(0 - every 'IlRT(26)DTI seconds;
0 - at the end of each successful integration stop; I
1 - at the end of each successful integration step;
2 - at each intermediate time point of each step; 1
3 - every DT (from Card A.4) seconds; 0
4 - at the end of each successful integration step;
5 - no records are written (output unit No. B not used); 0
6 - no records are written (output unit No. 8 not used). 0

(c) If the tabular time histories are printed from output
unit Mo. B (PRT(4) a +2,+3,-2 or -3), a value of
NPR3(28) equal to:

(0 - print one line every IPRY(28)DTI seconds; 0
0 - print one line every DY (from Card A.4) seconds;
1 - print at the end of each successful integration step;
2 - print at every intermediate time point of each step;
3 - print one line every DY (from Card A4) seconds; 0
4 - no lines are printed; 0
5 - no lines are printed; 0
6 - no lines are printed. 0
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Card A.5 (continue)

lote: The rational for using the above options Is as follows: *
Previous input decks will produce the saw output, i.e. *
IPRT(26) a 0.1,2 responds as before. To reduce the sie •

of the scratch file (output unit No. 8) use PT3(20) a 3 *
or (0. Use PRT(28) s 4 to create a TAPE 8 file that is *
to be saved and used for a postprooessing run where the 0
tabular time histories and/or plots will be made during *
the postprocessing run. PRT(28) n 5 & 8 are primarily *
for debugging purposes. Note that If 1P1T(26) a 3 or (0 0
and SPRT(4) - *l, 3,-l, or -3, (plots to be computed) 0
the data written to TAPE 8 will be .01. DTYlNPRT(26):, 0
bence the frequency of the plots, 3PRT(30), mut be .GE. *
1PRT(26)1. 0

6' 3PRT(28) controls the frequency and amount of harness belt I
force output produced. Values of 0, 1, 2 and 3 are allowed
as follows: (each value includes output for all lower I
values)

(0) - Produces a table of the final harness belt forces at
each point in play at the sam time points as output
is produced by Subroutine PRINT as specified by
3PR(3).

(1) - Prints a table of the final harness belt forces at
each point in play at each tim point of Subroutine
RPTURB.

(2) - Print# a table of the harness belt forces at each
point in play for every iteration step of Subroutine
HPTURB.

(3) - Prints the 22SIJX and C arrays before the call to
FSHOOL at each iteration step at each time point of
HPTURB.

7* 3PRT(30) controls the frequency of the data points for 0
plotting, as specified by the I Cards, and for use in the 0
computation of the RIC, CSI and 1I numbers, as specified *
by Card H.11. A value of 3131(30) equal to: 0

0 - plot variable for every successful integration step; 0
)0 - plot variable every NPRT(30)'DT seconds. 0

Note: PRT(30) must be .99. 3PRT(26) if plots are to be made. 0
Refer to the note for 1131(26) for further information. 0
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Card &.5 (continue)

St UPRT(31) controls whether the plot# generated by the I
cards will have a page advance. The use. of the page 6
advance will depend on the the type of device the plots are 0
to be drawn on. For 1111(31) equal to: 0

0 - pages will be advanced. Required for drum plotters. 0
1 - pages will not be advanced. Required for terminals

and single-sheet plotters. 0

9* A nonzero value for 1PRT(36) triggers Subroutine DRIFT to *
recompute the direction cosine matrices and angular
velocity of adjacent segments connected by constrained 0
joints so as to prevent drift of the constrained Joint 0
axes. No diagnostic output is produced. 0
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B. Subroutine BINPUT

Card 8.1 FORMT (210, 81, 5A4)

1810 Tho number of segments. The maximu
value for the sum of 810, number of
airbags (flAG on card D.I), number of
vehicles defined on the C cards and one
for the ground is 30. A minimum of 1
segment is required.

NJNT The number of joints (maximum - 30).

BDYTTL Description of the crash victim (20
characters).
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Cards B.2.a FORMAT UA4, 11, Al. 1076.0. 14)
(ISIG cards)

Each card (1) for I u 1. 3510 will contain input data for the
Ith segment. The segment identifying numbers (1) will be
referred to on later input cards.

SEGf 1) An abbreviation of the nomenclature of
the Ith segment (4 characters).

COSCI) The plot symbol of the segment center-of-

mass (0 character).

W(I) The weight of the segment Ulbe).

PHI(J,I),J-l,3 The principal moments of inertia of the
segment about the x, y, and z axes of the
segment (lbs-sec'12-in). There are no
restrictions for the values of W(I) or
PHI(J,I), they my be negative or zero.
If any component Is zero, It is assumed
that the system is suitably constrained
so that the system matrix is nonaingular.

BD(JI),J-l,3 The x, y, and z semiaxes of the segmient
contact ellipsoid (in).

BD(J,I),J=4,8 The location of the center of the segment
contact ellipsoid, with respect to the
center-of-mass of the segment, in the
local body segment ref erence(in). These
primary contact ellipsoids are given the
same identifying number as the segment.
They my be redefined with an arbitrary
orientation on Cards D.5.

LPMI(I) An integer which, if non-zero, indicates
that the principal axes for segment No. I
are rotated from the local ref ererence
axes. If LMI(I) 0 0, a B.2.b card must
immediately follow this Card B.2.a. If
LMI(I is zero or blank, Card B.2.b is
not required.
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Note: To handle situations where the principle axes are not
aligned with the local axes. get LPI x 1. This indicates thatP
the principal axes are rotated from the local reference axes
for segment No. I and that an additional input Card B.2.b mst
imediately follow to specify the rotation. Since it is
desirable that input defining points on a segment be supplied
with respect to the local reference axes and, also, not to
invalidate previous input decks. the program (Subroutine
ROTATE) will transform all data that has been defined with
respect to the local reference axes to the principal axes in a
manner that is transparent to the user. Also, all standard
output, where applicable, will be transformed back to the local
ref erence axes.

Cards D.2.b FONMA" (121, MGM.O

YPRPMI(J,I), J-1,3 The yaw, pitch and roll angles In degrees
of the principal axes with respect to the
local reference axes of segment go. 1.
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If iJNT is zero on Card B.1, Cards 8.3 - B.5 are not required.

Cards B.3.a FORMAT(A4. IX, Al. 214, 6F6.0, 14. 2FO.0) 0

(IJIT sets of cards are required, 2 cards per set. The first I
card (B.3.a) of each set is described below and the second
card's (B.3.b) description follows.)

Each card (J for J = I, NT will contain input data for the
Jth Joint. The joint identifying numbers (J) will be referred
to by later input cards.

JOINT(J) An abbreviation of the nomenclature of the Jth

Joint (4 characters).

JS(J) Plot symbol of the joint location (1 character).

JNT(J) Magnitude indicates the number of the segment that I
is connected to segment J+l by joint J. :JT(J) 
must be ( J+l. Segment I is always the reference n
segment for the first body of segments. If more
than one body is used, segment J+l is defined as I
its reference segment by setting JIT(J)=O. This
defines Joint J as a null joint which does not
link any segments.

If JIT(J)(O, Joint J is associated with a flexible
element (See B.7 cards).
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Cards B.3.a (continued)

IPINM(J) 0 - there are to be no constraints on joint J.
41.-1 - joint J is a pin joint, with the pin as the

y axis of the Joint coordinate systems.
+2,-2 - Joint J is a ball and socket joint. !
+3,-3 - joint J is a globalgraphic joint.
+4,-4 - Joint J is an Euler Joint.

+5,-5,+G, S
-0,+7,-7 - Joint is either an Euler joint or a slip 0

Joint depending on the input value of ISLIP 0
as shown below. a

-8.-9,-10 - Euler joint. 0

A slip joint allows linear motion between the 0
Joint's segments along the z axis of the JT (J)
Joint coordinate system. Its angular freedom is 0
specified by a combination of IPIE and ISLIP as 0
follow:

IPIE ISLIP 0

-5 0 Ruler Joint. 0

+5,-5 +1,-1 slip Joint with complete 0
angular freedom. Angular 0
motion is the sam as for IPIE *
= 2, about the J+1 Joint
coordinate system. 0

-6 0 Euler Joint. 0

+6,-G +1,-I slip Joint with pin as y axis *
of J+l Joint coordinate system. 0
Angular motion same a for IPIN *
x 1. Flexural spring 0
characteristfcs will be used. 0

-7 0 Euler joint. 0

+7,-7 +1,-l slip joint with pin as the z 0
axisi of the joint coordinate 0
system. Torsional spring 0
characteristics will be used. 0

Non-zero values for IPIN my be supplied as
positive or negative to indicate that the initial
condition of the joint is unlocked (positive) or
locked (negative) for angular motion. An Euler 0
Joint may use the globalgraphic option by 0
specifying IGLOB a1 on Card F.4.a. 0
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Cards B.3.a (continued)

An Ruler joint can have any of its rotation axes I
locked or unlocked. This initial state is defined
by IPIM and the program mote the value of IKULER
based on the input value if IPIM as follows:

IPIM IKULER state

4 8 free
- 4 7 all axes locked
- 5 a spin free, others locked
- 8 5 nutation free, others locked
- 7 4 precession free, others locked
- 8 3 spin locked, others free
- 9 2 nutation locked, others free
-10 1 precession locked, others free

where precession, nutation and spin are the
rotations from the JiT(J) Joint coordinate system,
to the J+l Joint coordinate system about the z
axis, resultant x axis and resultant z axis
respectively. I

SR(I,2'J-l),I1,3 Coordinates of location of joint J (in.)
in the local reference system of segment
JIT(J).

SR(I,2J).I=1,3 Coordinates of location of joint J (tn.)
in the local reference system of segment
J+l.

ISLIP(J) I - slip joint with unlocked linear motion. 0
0 - non-slip joint. 0
-1 - slip Joint initially locked for linear 0

motion. 0

Mote: A slip joint may be locked or unlocked for *
angular motion (depending on the sign of IPII) 0
regardless of the sign of ISLIP. 0

Ce(J) The maximum force (lbs.) (a negative value) 0
allowed for a linearly locked joint in tension. 0
If exceeded the Joint will unlock. 0

C2(J) The maximum force (lbs.) (a positive value) 0
allowed for a linearly locked Joint in S
compression. If exceeded the joint will unlock. 0
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Cards B.3.b FORMAT (14X, 9F6.O, 612) c

(One of these cards must follow each D.3.a card described

above.)

YPR1(I,J),Izl,3 The rotation angles (degrees) about the
z. y and x axes, respectively, of the
local reference axes of segment No.
JIIT(J to specify the axes of Joint J.
The sequence In which these rotations are
made is specified by IDYPR below. The z *
axis defines the axis of linear slip for *
slip Joints.

YPR2(,J),1=1,3 The rotation angles (degrees) about the
z, y and x axes. respectively, of the
local reference axes of segment go. J+1
to specify the axes of Joint J. The
sequence in which these rotations are
made is specified by IDYPR below. The z
axis is the reference axis to define
flexure. The y axis is used am the pin
axis except for the special Ruler joints.
The x-y plane is used for globalgraphic
Joints with x as the reference axis.

YPR3(,J),I=l,3 The center of sy mestry (degrees) for
Ruler Joints (used only if 1IPII(Jf - 4)
jupplied In the order precession,
nutation and spin. Joint torques for
Ruler Joints are a function of the
deviation of the Ruler angles from these
angles. Previous versions (before 18a)
of the program assumed values of zero.
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Cards B.3.b (continued)

IDYPI(IJ),I-1,3 The sequence in which the TPI rotations
are made. Values of 1, 2 and 3
correspond to rotation angles about the
x axis (YPRl(3,J)], y axis [YPRl(2,J)J
and z axis EYPR1(l,J)] respectively.
Zero or blank values will default to the
order 3, 2 and 1 to specify the normal
yaw, pitch and roll sequence, i.e.,

yaw about original z axis using YPR1(1,J),
pitch about resultant y axis using TPil(2,J).
roll about resultant x axis using YFE1(3,J).

Two rotations about the same axis cannot
be specified consecutively. However, thef
third rotation may be about the same axis
as the first, provided it is supplied as
a negative number, in which case the
unused value of TPil will be used about
the indicated axis, e.g., values of 3, 1
and -3 will specify the normal Ruler
rotations where TPI is supplied in the
order precession, spin and nutation to
compute:

precession (YPlll,J)) about original z axis,
nutation (YPRI(3J) about resultant x axis,
and spin (YPII(2,J)) about resultant z axis.

IDYPR(I,J),I=4,6 The sequence in which the YPE2 rotations I
are made. Identical to the description I
of IDYPR(I,J), 1-1,3.
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Cards B.4 FORMAT (2 (46.0, F12.0))

(IJIT sbts of cards, one set for each Joint J. If joint J is
not an Euler joint, the set has one card containing the
values for 30J-2 and 3*J-l. If Joint J is an Euler Joint.
the set has two cards with the second card containing the
values for 3*J.)

SPRIIG(I,3*J-2), The flexural spring characteristics for
1=1,5 Joint J. If J is an Euler Joint, the

spring characteristics about the
precession axis. If JOINTFW(J) 0 (on
Card F.5), these values are not used and

should be zero.

SPRING(I,3J-1), The torsional spring characteristics for
1=1,5 Joint J. If J is an Euler joint, the

spring characteristics about the nutation
axis.

SPRING(I,3*J), The spring characteristics about the spin
121,5 axis. This second card of each set is

required only if J is an Euler joint.

1=1 Linear spring coefficient (in-lbs/deg).

1=2 Quadratic spring coefficient

(in-lbs/deg'12).

1=3 Cubic spring coefficient (in-lbs/deguw3).

I=4 Energy dissipation coefficient
(dimensionless variable between 0 and 1).

A value of 1. specifies no loss.
A value of 0. specifies maximum loss.

1=5 Joint stop location with respect to the
center of symtry (deg). For a value of
zero the routine will use only the linear
spring coefficient and will apply the
energy dissipation coefficient.

ANG(I,J),I=1,3 The approximate initial rotation angles.
in the order precession, nutation and
spin, (degrees) for joint J which is an
Euler Joint. These are used as the
initial angles for the memory mode used
by Subroutine EULRAD and need not be

exact. The values are absolute and not
relative to the center of symtry.
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Cards B.5 FORMAT (6.0. 181, 2F6.0)

(IJNT sets of cards, one met for each joint J. If Joint J is
not an Ruler joint, the set has one card containing the
valuea for 3WJ-2. If J is an Ruler Joint, the met has three
cards with the values for 3WJ-l on the second card and for
3J on the third.)

VISC(I,3J-2), The viscous characteristics for joint J.
1-1,7 If J is an Euler Joint, the viscous

characteristics about the procession axis.

VISC(I,3J-1), The second card of each set is required
1=1,7 only if J is an Euler joint. The viscous

characteristics about the nutation axis.

VISC(I,3*J) The third card of each set is required

1=l,7 only if J is an Ruler Joint. The viscous
characteristics about the spin axis.

I=1 Viscous coefficient (in-lb-sec/dog).

1=2 Coulomb friction coefficient (in-lb).

Ix3 Relative angular velocity of the joint at
which full coulomb friction is applied
(dog/sec). Must be greater than 0.

I=4 TI: The maximum torque (in-lbs) allowed
for a locked Joint (or locked Ruler
axisu. If exceeded, the Joint will
unlock. If TI - 0, the test will not be
performed and a locked joint will remain
locked. Mote: If Joint J is locked and
TI=0, when the equilibrium option is
used, VISC(4,3eJ-2) will be set by the
program (See equilibrium option
description under Cards G.0).

I=5 T2: The minimum torque (in-Ibs) allowed
for joint J to remain unlocked. If T2 =
0, the test will not be performed.

1=6 T3: The minimum angular velocity

(rad/soc) necessary for joint J to remain
unlocked. If T3 x 0, the test will not

be performed.
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Cards B.5 (continued)

1=7 K: Where 9-(l U)/2 and U is the classical
coefficient of restitution to be used for
the impulse option if the joint hits the
joint stop (0(1(1 OR -I(U(+I). A value
of E x 0 means that the impulse option
will not be exercised for this Joint.
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Cards B.0 FORMAT (12FO.O)
(iSle cards)

The following cards are required for the convergence tests
which are performed in Subroutine DIIT on the resultant of the
derivative vectors. The linear velocities and accelerations
are computed only for reference segments (i.e. segment Mo. 1
and those segments I where JUT(I-l) a 0), therefore any test
numbers supplied for linear velocities and accelerations of
other segments will be ignored. The tests for convergence are
performed in the following order:

1) If the magnitude value is zero, no testing is done for
that variable.

2) If the magnitude of the resultant vector is less than the
specified magnitude value, the routine has passed the
convergence test for that variable.

3) If the absolute error value is greater than zero, and the
magnitude of the absolute error (difference between the
predicted and computed vector) is less than the absolute
error value, the routine has passed the convergence test
for that variable.

4) If the relative error value is greater than zero and the
magnitude of the absolute error divided by the magnitude
of the computed vector is less than the relative error
value, the routine has passed the convergence test for
that variable.

SGTKST(1,I.1) Magnitude value for the angular velocity
test of segment No. I (rad/see).

SGTEST(2,1,I) Absolute error value for the angular
velocity test of segment No. I (rad/sec).

SGTEST(3,1,I) Relative error value for the angular
velocity test of segment No. I
(dimensionless).

SOTEST(J,2,I), Sam as above, but for the linear
J-1,3 velocity of segment No. I (in/sec).

SGTEST(J,3,I), Same as above, but for the angular
Jsl,3 acceleration of segment No. I

(rad/sec**2).

SGTEST(J,4,I), Same as above but for the linear
Jsl,3 acceleration of segment No. I

(in/secu*2).
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If JMUM)( on any of the 1.3 cards, Cards 3.7 are required.

Card B.7.a FORMAT ( I a14)

Each flexible element suet contain at least three connected
segments. The first segment Is the reference segment, followed
by one or more interior segments and a terminating segment.
Bach Joint In the flexible element maet have a negative value I
for JUT.I

IPX The total number of Interior segments f or
all the flexible elements.

KNT(K),K-1,IFX The interior segment Identification
numbers In the @rder specified on the D.3
cards. If the values of NPX and KIT are
not consistent with the negative values
of JUT on Cards 3.3, the program will
terminate with an appropriate error
message.

Cards B.7.b FORMAT (12PS.O)

(Your D.7.b cards for each isterior segment (411F1) are
required, in the ordor as they are defined In the KIT
vector.)

(HF(I,JXK,J-1,12) The coefficients of the quadratic form
,1=1,4 function used to define the orientation

of interior segment KIT(K with respect
to the reference segment of the element.

HF contains three 414 matrices; WF(I,J,X), BY(X,J.4,X) and
BF(I,J'S,K), where 1-1,4 and J*l,4. Theme matrices ape used
to define the orientation of segment KUT(K with respect to I
its reference segment as fellow:

yaw of segment KNT(X - 1/2 V.NV(IJ ,K)V;
pitch of segment KNT(K - 1/2 V.NV(I,J+4,K)V;
roll of segment XIT(K - 1/2 V.IF(I.J*8,K)V;

(1,J-l.4).

Where V is a column vector with four components y, p. r and I
1, and y, p, r are the yaw, pitch and roll angles in radiansI
of the terminating segment relative to the reference segment.
V.HPV represents the dot product between vectorn V and V.
Note: The pitch is always ) -90 degrees and ( 90 degrees.
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C. Subroutine VINPUT

The C cards are used to prescribe the motion of specified
segments. A met of C cards is required for each prescribed
motion. At least one met of C cards Is required and a
maximum of six sets is allowed. If a met of C cards does notI
prescribe the motion of one of the segments defined in the I
B cards, then an independent vehicle segment is automatically !
defined. The last set of C cards always defines the primary I
vehicle. This vehicle is used as a default for a number of I
outputs. The other vehicles are designated as secondaryI
vehicles.

Several options are available f or each prescribed motion.
The required inputs for each option are as follows:

Option 1: Half sine wave deceleration impulse (NATAB r 0)

Required inputs - Card C.1: all variables,
Card C.2.a: ANGLK(1), ANGLI(2, VIPS, I

VTIME, 10, NATABxO, UIG.I

Option 2: Tabular unidirectional deceleration CIATAB > 0)

Required inputs - Card C.l: all variables,
Card C.2.&: AEGLE~l), AIGLE(2, VIPS, I

10, IATAB)0, ATO, ADT, 09G,
Cards C.3: all variables.I

Option 3: Six degree of freedom deceleration (IATAB ( 0 and
LTYPE - 0)

Required inputs - Card C.1: all variables,
Card C.2.a: ANGLI(l), ANGLI(20),

ANGLE(3, vips, zo, EAAB(o, ATO,I
AD?, NBUG,

Card C.2.b: LTYPE-O, VWG,
Cards C.4: all variables.

Option 4: Spline fit position, velocity or acceleration data
(NATAB (0 and LTYPI ) 0)

Required inputs - Card C.1: all variables,
Card C.2.a: I&TAB(O, iTO, ADT, UXOG, I
Card C.2.b; LTTPI)O, LFIT, IPTS,
Card# C.5: all variables.
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C Cards (continued)

These options and their required inputs have been established
in such a manner that any previous input decks are still
acceptable as input, except that Card C.2.b was added for
option 3 for Version 18 of the LTB program. For Version 19,
Card C.2.b was modified and option 4 (Cards C.5 and the
multiple prescribed motion) were added.

Card C.1 FORMAT (20A4) 'a

VPSTTL Description of the crash vehicle
deceleration (80 characters).
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Card C.2.a FORMAT (8F6.0, 10, 2F8.0, 16)

ANGLE(1),I-1,3 Options I and 2: ANGLD(1) and ANGLE(2)
(dog) are the azimuth and elevation

angles of the deceleration impulse
vector, from the inertial coordinate
system. The initial orientation of the I

vehicle is assumed to be aligned with the I

inertial coordinate system.

Option 3: The three initial rotation
angles, yaw, pitch and roll (deg), of the I
prescribed notion segment. I

VIPS Options 1, 2 and 3: The initial velocity !
(in/ee) of the prescribed notion I
segment. For option 1, a negative value I
may be supplied to indicate that the
vehicle will accelerate from an initial
velocity of zero to VIPS, the final
velocity. !

VTIMH Option 1: The time duration (sec) of the I
half mine wave deceleration impulse. It
muot not be zero or blank for option 1.

XO(I),Ill,3 Options 1, 2 and 3: The x, y and z
coordinates (in) of the vehicle reference
origin in inertial reference.

MATA Number of time points of vehicle
deceleration data to be supplied or
generated by the program. The algebraic
sign of NATA determines the option of
prescribed notion a follows:

If EATAD a 0 (option I), the prescribed
notion is an analytical half mine wave
function that decelerates the vehicle
from an initial velocity of VIPS to ZERO I
if VIPS)O. If VIPS(O, the vehicle is I
accelerated from an initial velocity of I
zero to VIPS final velocity in VTIMK sec.
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Card C.2.a (cont.)

If ITAB ) 0 (option 2), the vehicle
motion is unidirectional and IATAB values
of linear deceleration are to be supplied
on Cards C.3. NATAB should be odd.
maximum value is 90.

If NATAB ( 0 (options 3 and 4), the
prescribed motion is specified on either
Cards C.4 or C.5. Here NATAB - -NATAB is I
the number of time points of acceleration
data to be supplied on Card C.4 or
computed from the spline fit data on
Cards C.5, maximum value of MATAB is 501. *

ATO,ATD The first time point and fixed time
interval (see) for the table of
acceleration data that is supplied on
Cards C.3 for option 2, on Cards C.4 for I
option 3 or for option 4, is to be
computed from the spline fit data to be I
supplied on Cards C.5. The program
initially calculates the vehicle
acceleration time histories from the
provided tabular data and integrates
these accelerations to specify the
vehicle notion during the simulation.

WIG The segment number associated with this
prescribed deceleration time history. If
WIG is less than or equal to S3 (Card
B. 1), the notion of segment No. W30 as
defined on Cards B.2 will be prescribed
(note: extreme caution must be exercised
in using this option.) If I36 ) Nse,
the sots must be supplied in the order

9G-USiG+I. 183G+2. etc., to proscribe
the motion of secondary vehicle segments.
The program asigns the segment number
IG to the corresponding secondary
vehicle. The last set of C cards must
contain the prescribed motion for the
primary vehicle and WIG must be sero.
(This signals the end of the C card
input.) The program assigns the segment I
number 1930 + the number of secondary I
vehicles + 1 to the primary vehicle. The I
primary vehicle segment number can not be I
greater than 29.
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Card C.2.b FORMAT (31S, 22X, 3FI0.O)

This card is required only if NATAB ( 0 (options 3 and 4).
Not*: This card us added for Version 18 of the ATS program
to supply the initial angular velocity and us revised for
Version 19. A blank card should be inserted here for any
previous input data decks that utilized the six degree of
freedom option on Cards C.4.

LTYPE Option 3: A value of zero or blank
specifies the six degree of freedom
option with required input on Cards C.4.

Option 4: The value of LTYPE specifies
the type of data contained in the C.5
cards.

If LTYPE-I, the C.5 input table in
position data.

If LTYPE=2, the first C.5 card is the
initial position data, which is followed
by the input table of velocity data.

If LTYPE=3, the first C.5 card is the
initial position data, the second card is
the initial velocity data, which is
followed by the input table of
acceleration data.

LFIT Option 4: The degree of the polynomials
to be spline fitted through the time
point data on Cards D.5. A value of 0,
1, 2 or 3 may be used but the degree
should be sufficient to produce
continuity for the computed velocity
values. Therefore:

For LTYPK - 1, supply LFIT= 2 or 3.
For LTYPI - 2, supply LFIT= 1, 2 or 3.
For LTYPE - 3, supply LFIT= 0, 1, 2 or 3.

Note if LFIT 0 0, a constant value is
assumed from the current time value to
the next time value but round off errors
in time computations may not produce the
time desired.
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Card C.2.b (continued)

hPTS The number of actual time point data to
be supplied on Cards C.5, maxim value
is 101. Note: The number of C.5 cards
must be equal to (LYE -1) + RPTS. where I
the (16TYlE -1) cards are the InitialI
position and/or initial velocity data.

VinG(I),I=1,3 The three components of the initial
angular velocity (dog/sec) about the
local x, y and & axes of the vehicle.
lot required If the spline fit (option 4)
is to be used.
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Cards C.3 FORM&? (1276.0)

Theae cards are required only if IATAB ) 0 (option 2).

DEC(I),Iul,EATAB The values of deceleration (Ge) of the
vehicle for the EATAB equally spaced time
points as VDI, where:

T(I)- ATO + (I-1)ADT for I-1,NATAB.

Supply 12 values per card, use as many
cards as necessary. Since a Simpson's
integration is used to compute velocity
and position, the value of NATAB must be
odd. The program will integrate beyond
the last time point assumting a constant
deceleration equal to the value of the
last given point.

Cards C.4 FORMAT (l0x, 6710.0)

These cards are required if IATAB(0 and LTYPE-O (option 3).

MATAB C.4 cards are required where MATAB * -EATAB. Each card
(1) will contain data for equally spaced time points VDI,
where:

T(I) z ATO + (I-1).ADT for ImIMATAB.

ATAB(JI),J=l,3 The x, y and z components Q's) of the
linear deceleration of the vehicle origin
at time T(I).

ATAB(J,I) ,J-4,6 The angular accelerations (dog/mec**2)
about the local x, y and z axes of the
vehicle at TVD.

Mote: The program will integrate for velocity and position
beyond the last time point, assuming a constant acceleration
equal to the value of the last given point. The program will
print at input time a complete table of the integrated
velocity and position from the supplied acceleration data.
This integration procedure Is not identical to the program
integrator.

C-7 Re~v IV.O

61



Cards C.5 FORMAT 7F10.0)

These cards are required if NATAB(O and LTYI)0 (option 4).

(LTYPE-1) cards are required first to met initial conditions
followed by IPTS cards containing time point data.

If LTYPE=I, the input table is position data for IPTS tim
points.

If LTYPI=2, the first card is the initial position data,
which is followed by the input table of velocity data for
NFPTS time points.

If LTYPE=3, the first card is the initial position data, the
second card is the initial velocity data, which is followed
by the input table of acceleration data for IFTS time points.

T(I) The time (see) for the data on this card.

If this card is for initial condition
data, T(O) should be zero or blank. The
times should be in ascending order but do
not have to be equally spaced.

XYZ(J,I),J=1,3 If position data, the x, y and z
coordinates (in) of the vehicle origin in
the inertial reference coordinate system
for time T(1). If velocity data, the x,
y and z components (in/see) of velocity
of the vehicle origin in the inertial
reference for time T(I). If acceleration
data, the x, y and z components (') of
the deceleration of the vehicle origin in
inertial reference for time T(I.

YZ(J,I),J-4,6 If position data, the yaw, pitch and roll
(deg) of the vehicle coordinate reference
axes with respect to the inertial
reference. If velocity data, the
components of angular velocity (deg/sec)
about the local x, y, z axes. If
acceleration data, the components of
angular acceleration (deg/sec.e2) about
the local x, y and z axes.
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Cards C.5 (continued)

Note: When LTYPE a 2 or 3, the program will spline fit the 6

MPTS data points for each of the six components independently. *
For LTYPE - 1, the angular displacements are transformed to 0
quaternions and the four quaternion components and the three 0
linear components are spline fit independently. The 0
quaternions are then transformed back to yaw, pitch, and roll *
angles. The spline fit produces a piece-wise set of 0
polynomials of degree LFIT. These polynomials are then •
evaluated to produce a set of acceleration tables at MATAB
equally spaced time points equivalent to the six degree of
freedom (option 3) data of Cards C.4. The program will then
print at input time a complete table of the integrated I
velocities and positions from these generated acceleration i
data. The integration procedure used is not identical to the 0
program integrator. The splint fit algorithm used in the 0
program can be used to calculate angular accelerations from 0
simultaneous multi-axis angular displacements. 0

C-9 Rev IV.O

63



D. Subroutine SIUPUT

Card D.1 FORMAT (IOXO)

NPL The number of planes describing contact
panels (30 maximum).

NBLT The number of belts used to restrain the
crash victim (8 maximum).

NBAQ The number of airbage used to restrain
the crash victim on Cards DA4 (sax - 5,
but NIK + the number of vehicles + NBAG
must be ( 30).

NEL? The number of contact ellipsoids or 0
hyperellipsoids to be supplied on Cards *
D.5 (40 maximum). 0

NQ The number of constraints to be supplied
on Cards D.G. Each constraint, withI
KQTY?1(J - 5 on Cards D.G. will be
considered a two constraints requiring
two seto of cards. (Mote: The program
will later increment EQ by 1 for each
N7(1) a 0 on Cards F.l.b and F.3.b.
Final maximum on NQ is 12).

NSD The number of spring dampers to be
supplied on Cards D.8 (20 maximum).

NERNSS lumber of harness-belt system to be
supplied on Cards F.8, may be zero or
blank. Maximum value a 5.

NWINDF The number of wind force and drag0
coefficient functions to be supplied on
Cards 1.6, my be zero or blank. The
maximum a 50 if no other force functions
are supplied.

NJNTF The number of Joint restoring force
functions to be supplied on Cards 1.7,
may be blank or zero. The maximums - 50
if no other force functions are supplied.

1701CE The number of force and/or torque 0
functions to be supplied on Cards D.9
(maximum - 5).
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If NPL is nonzero on Card D.I. NPL met# of Cards D.2 are
required.

Card D.2.a FORMAT (I4, 4X, 5A4)

J The plane identification number, must be
supplied as consecutive integers from 1
to NPL.

PLTTL A 20 character description of the Jth
panel.

Cards D.2.b - D.2.d FORMAT (312.0)

PI(I),I=l,3 The x, y and z coordinates of point ?l in
vehicle (or segment to which the plane is
attached) reference (in).

P2(I),I=1,3 The x, y and z coordinates of point P2 in
vehicle (or segment to which the plane is
attached) reference (in).

P3(I),Iz1,3 The x, y and z coordinates of point P3 in
vehicle (or segment to which the plans i
attached) reference (in).

Where P1, P2 and P3 are three of the corners of a parallelogram
such that the edge PIP2 is less than 180 degrees clockwise (as
viewed from the external surface) from the edge PIP3. Note:
Any previous input deck in which the vector PIP2 is not
perpendicular to the vector PIP3 will now produce different
results.

Note: The positive side of the plane is defined by crossing
the edge vector, PIP2, into the edge vector, PIP3. Contact
with a plane must occur with the positive side.
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If IJBLT is nonzero on Card D.1, hBLT sets of Cards D.3 are
required.

Card D.3.a FORMAT (5A4)

BLTTTL A 20 character description of the Jth
belt.

Card D.3.b FORIAT (6F12.0)

BELT(I,J),I=1,3 The x, y, and z coordinates, in vehicle
(or segment to which belt ii anchored)
reference, of anchor point A for the Jth
belt (in).

BRLT(I,J),I=4,6 The x, y, and z coordinates, in vehicle
(or segment to which belt is anchored)
reference, of anchor point B for the Jtb
belt (in).

Note: The program nust pass a plane through the three points:
The anchor point A. the anchor point 9 and a fixed point on the
contacted body segment. If anchor points A and B coincide,
they must be separated slightly such that the desired belt
plane will be defined. Also, the anchor points must be located
such that they are not allowed to penetrate the contact
ellipsoid to which the belt is attached.
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Card D.3.c FORMAT (512.0)

BKLT(I,J),I-7,9 The x, y, and z coordinates, in the I
contact ellipsoid reference (not the
local reference system of the segment),
of the fixed contact point on the body
segment for the Jth belt (in).

BELT(10,J) Currently not used by the program.

BELT(11,J) Belt slack (in). If BLT(ll,J) is zero
or positive, the initial belt length with

slack is defined by adding the belt slack
to the initial geometric length,
calculated from the placement of the belt
points. If BILT(11,J) is negative and I
its magnitude is less than the initial I
geometric length, the geometric length isI
defined as the initial belt length with I
no slack. If BLT(l1,J) is negative and I
its magnitude is greater than the
geometric length, the value supplied will I
be defined as the initial belt lenth with
slack. Note that the belts do not allow I
pretensioning.

D-4 Rev IV.O

67



If NBAG is nonzero on Card D.l. IBAG sets of Cards D.4 are
required by Subroutine AIRBGi. Note: All references to the
vehicle refer to the primary vehicle, segment No. NVB (NSEG +
the number of vehicles supplied in the C cards.

Card D.4.a FORMAT (5A4, 4)

BAOTTL A 20 character description of the Jth air

bag.

NPANEL(J) Number of vehicle contact panels that are

allowed to interact with the Jth air bag

(maxim= - 4).

Card D.4.b FORMAT (6F12.0)

AB(I,J),I=l,3 The x, y and z seniaxes of the Jth air

bag when fully inflated and undeformed

(in).

BFA(I,J),I=1,3 The x, y and z coordinates of the center
of the air bag contact ellipsoid with
respect to the air bag center-of-mass
(in).

Card D.4.c FORMAT (6F12.0)

YB,PB,RB The initial orientation (yaw, pitch, and
roll) of the Jth air bag in the vehicle
reference (dog).

ZDEP(I,J),I=I,3 The x, y, and z coordinates of the
deployment point of the Jth air bag in
the local reference of the let panel on
Cards D.4.g and h (in).
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Card D.4.d 70311 (6712.0)

XBM(J) Weight of air bag membrane ano contents
(Qbs).

CYTD(J) Gas supply actuator firing time after the
start of vehicle deceleration (sec).

CYPA(J) Atmospheric pressure (psia).

CYSP(J) Initial gas supply pressure (psig).

CYTO(J) Initial gas supply temperature (dog R).

CYVO(J) Gas supply reservoir volume (in**3).

Card D.4.e FORMAT (6F12.0)

CYCD(J) Sonic throat discharge coefficient
(dimensionless).

CYK(J) Ratio of specific heats of supply gas

(dimensionless).

CYR(J) Specific gas constant (in/dog R).

CYAT(J) Sonic throat area (in**2).

CYPV(J) Vent pressure of the exhaust orifice
(psig).

CYCDO(J) Exhaust orifice discharge coefficient
(dimensionless).
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Card D.4.f FORMAT (WF12.0)

CYAO(J) Exhaust orifice area (In*v2).

SPRX(J) Spring constant of a linear spring used
to simulate attachment of the bag at the
deployment point in the vehicle (lb/in).

VSCS(J) Coefficient of sliding friction of the
air bag (diemnsionless).

CXiJ) Parameter used to stabilize air bag
numerical integration (secle-l).
Suggested value a 250.

CMASS(J) Multiplier to Increase or decrease the
mass of the air bag to artificially
dampen the integrated air bag motion.

NPANEL(J) sets of the following two cards are required to
define the ellipsoids used to approximate the contact panels
for the Jth air bag. The first panel is the reaction panel.

Card D.4.g FORMAT (6F12.0)

B(I,K,J),I=l,3 The x, y, and z semiaxes for the Kth

panel for the Jth air bag (in).

BFB(I,K,J),I=1,3 The location of the center of the panel
ellipsoid with respect to its center-of-
mass (in).

Card D.4.h FORMAT (6F12.0)

ZR(I,K,J),I=1,3 The x, y, and z coordinates in vehicle
reference of the center-of-mass of the
Kth panel of the Jth air bag (in).

YP,PP,RP Angular orientation; yaw, pitch and roll
(deg.), of the Kth panel with respect to
the vehicle.
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If iKLP is nonzero on Card D.1, KELP D.5 Cards are required.

Note: KLP is the number of contact ellipsoids and
hyperellipsoids to be supplied here, not the total number of
contact ellipsoids in the program. The first ISEG ellipsoids
were supplied on Cards B.2. They my be replaced here and
additional (hyper)ellipsoids may be added.

Cards D.5 FORMAT (16, QF8.0,3F4.0)
(KELP Cards)

M Contact (hyper)ellipsoid number, maximum *
is 40. If U ( ESEG + 1, data will 0
replace input supplied on Cards B.2. If I
M is equal to a vehicle or the ground
segment number, it is associated with I
that segment. Otherwise, H must be I

greater than ISEG + the number of I
vehicles + IBAQ + 1. 9

PI(I),I=l,3 The x, y, and z semlaxes of the contact
(hyper)ellipsoid (in).

P2(I),I=1,3 The x, y, and z coordinates of the 0
(hyper)ellipsoid offset from the segment *
center-of-mass. 0

P3(I),I-1,3 The yaw, pitch and roll (degrees) of the
contact (hyper)ellipsoid from the locai *
reference axis of the segment.

P4(I),I=1,3 The powers of the (hyper)ellipsoid. I.e. 0
the values of Si in the (hyper)ellipsoid 0
functional; (xla)*e*l + (y/b)*aK2 + 0
(z/c)*'K3. Values must be even integers. 0
If all P4 are less than or equal to 2 the *
surface will be treated as an ellipsoid. 0
If P4(0))0 and P4(2) or P4(3) are zero, 0
the zero value(s) will be set to P4(0), 0
i.e. only P4(0) needs to be entered for *
all equal powers. 0

Kote: Ryperellipsoids may not be used 0
with the belt, airbag, harness belt or 0
wind routines, or with the roll-slide 0
options for plane-segment or segment- 0
segment contact. Also different powers 0
can only be used for plane-segment 0
contacts without the edge-effect option. 0
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If NQ is nonzero on Card D.1, NQ D.8 Cards are required.

Cards D.0 FORMAT (316. 86.0)
(NQ Cards)

XQTYPI(J) Type No. of the Jtb constraint

1: Point specified by R3I on segment KQI
will be constrained to be the same as
the point specified by R2 on segment
KQ2.

2: Point specified by RKI on segment KQI
will be constrained to remain at an

equal distance, D, (where D ) 0) from
the point specified by RK2 on segment
KQ2.

5: Tension element constraint connecting
point RKI on segment KQI to point RK2
on segment KQ2 (requires two cards
with the same XQTYPE, KQI and XQ2 on
both).

KQ1(J) Segment identification number of the lot
specified point.

XQ2(J) Segment identification number of the 2nd

specified point.

RXI(I,J),11,3 Coordinates of specified point in the
local coordinate system of segment KQI
(in). If KQTYP1 a 5, the second card
will contain the effective masses MA. B
and MA (Ib.secu*2/in) in place of RKI.

R12(I,J),I=1,3 Coordinates of specified point in the
local coordinate system of segment KQ2
(in). If KQTTPE a 5. the second card
will contain the spring constant K
(lb/in), the viscous damping constant D
(lb sec/in) and the reference length L

(in) in place of RK2.
Note: If KQTYPI 1 and KQ2 is the
number for the vehicle, then Subroutine

EQUILB will modify these values of RK2
such that they will be equivalent to RKI

in inertial reference for time zero (see
description under Cards 0.6.).
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Card D.7 is always required. Supply blank card for normal 3D

motion.

Card D.7 FORMt (1814) If NSKG)18. us* 2 cards.

NSYN(J),J=1,ISRG Controls symtry option of body segments
as follow:

ISYM(J - 0 l ormal three-dimensional motion for body
segment J.

ISYM(J - J M otion of body segment J will be
restricted to a x-z plane parallel to theI
inertial x-s plane with no lateral
notion, hene* it will be two-dimensional.

NSYM(J - K : Body segments J and K are to remain
symmtrical with no lateral action. The
motion of each will be replaced with
their average and restricted to a x-z
plane parallel to the Inertial x-z plane. I
ISYM(K mst equal J.

NSYN(J - -K :Body segments J and K are to remain
mirror sy mme trical with respect to a x-z
plane parallel to the inertial x-z plane. I
Equal but opposite lateral motion Is
permitted. ISTM(K) must equal -J.

Note: In the above symmetry options, the user must take
extreme care that all input will allow the symmetry to exist.
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If NSD is nonzero on Card D.1, NOD D.8 Cards are required.

Cards D.8 FORMAT (213, 1176.0)
(NSD cards)

MDM(J Segment Identification numbers (M and N)
WBDN(J to which the Jth spring damper is

attached.

APBDM(1,J).I-l,3 Coordinates of attachment points in local
APSDN(I,J) ,lal,3 segment ref erence on segments M and N for

the Jth spring damper (in.).

ASD(I,J) ,I-1,5 Coefficients of quadratic functions.
1-1 :DO (in)
1-2 : Al (lb/in) or integer
1-3 :A2 (lb/inf*2)
1-4 91 (l b sec/in) or integer
1=5 9 2 (lb aec**2/In#i2)

The quadratic functions used to compute the spring force (FS)
and the viscous force (FD) for the Jth spring damper are
defined by the following relations:

Fga (D-DOMsIAlI + A2#:D-DO:)
FDw DV#( BI + R2*IDVI)

where D and DV are the distance, and its time derivative between
the points APSDM and APSD1.

The following options are available:

(1) If Al(O, this will act strictly as a tension element and
the program will set F5.0 and FP.0 for (D-DO)(0.

(2) If DO(O and A2vO or (D-100)(0

a. If AI.0, program will set 73uQ.
If A10O, Al will be a function number (a positive real
integer) to indicate that FD will be evaluated as a
function of (D-IDO) using function No. Al defined on
Cards K.

b. If 91.0, program will set PPw..
If B10O, PD will be computed an PS above by function
No. BE.
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If VO0ICE is nonzero on Card D.I, 1701CR D.9 Cards are
required.

Cards D.9 FORMAT (21, 6710.0
(VOI3CE cards)

IFVSEG(J) The identification number of the segment
to which the Jth force function is to be
applied. If 37'SIG(j) is negative, a
time-dependent torque will be applied to 0
the segment instead of a force.

VNITCJ The Identification number of the function
on Cards I that defines the fore* (lb)
or torque (in-Ibs) "s a function of time 0
(sc). 0

XY.Z The coordinates (in) of the point in the
local reference of segment V1118 at
which the force or torque io to be
applied.

Y.P,1 The yaw, pitch and roll (degrees) of the
force coordinate system with respect to
the local reference of segment V11.
The force is applied in the direction of I
the positive x axis of this forceI
reference system. The fore* coordinate
system is Initially aligned with theI
segment local reference system. 1f a I
torque is to be applied, It will be 0
applied about the x axis of the fore*
coordinate system, where a positive 0
torque is in a counterciock-wise, 0
direction looking down the positive x 0
axis towards the origin. 0
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E. Subroutine CIEPUT (functions input)

The functions defined by the E.1 through E.4 cards are
referred to by number in the NF arrays required on Cards
F.I.b, F.2.b, F.3.b, F.4.b, F.S.o an, F..dl, and by other
variables on Cards D.8 and D.Q. They are used to define
the force deflection, ineriiial spike, R (energy absorption)
factor, 0 (permanent deflection) factor, friction
coefficient, rate dependent, stress/strain and other
functions.

Each function may be subdivided, if desired, into two

separate parts, Fl and F2, where

FI(D) is defined for 0 .LE. DO .LE. D .L. :Dl:

F2(D) is defined for D .LE. D .LE. D2.

In addition, each part of a function may be defined by
either of three functional form: constant value, tabular
data or a fifth degree polynomial. The existence and form
of each part is determined by the supplied values of DO, DI
and D2 as follows:

Fl F2 DO DI D2

Constant - 0 0 D2= Fl

Tabular - DO DI .LT. 0 0

Polynomial - DO DI .GT. 0 0

Tabular Polynomial DO DI .LT. 0 D2 .0T. 0

Polynomial Tabular DO Dl .GT. 0 D2 .LT. 0

Polynomial Polynomial DO Dl .AT. 0 D2 .W?. 0

The routines assume:

If D.GT.ID2! then F(D) - (D2) for D2.NE.O.

If D.GT.IDII then F(D) - F(DI) for D2 = 0.

If D.LT.DO then F(D) - F(DO).

The case of both Fl and F2 being tabular is unnecessary.
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A mxiwmu of 50 functions may be supplied to the program.
Theme functions my be of the types described on Cards 3.1-
1.4, Cards 1.6 or Cards 1.7.

Card 1.1 FORMAT (14, 4N, 5A4)

The function identifying number. These
numbers need not be supplied in numeric
order. If the sam number is used more
than once, a warning will be printed and
the last one supplied will be used. The
end of the function input is indicated by
supplying a single card with I ) 50.

KTITLZ A 20 character alphanumeric title
describing the function.
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Card 3.2 FORMAT (512.0)

DO The lower abscissa value of the first part
(FI) of the function. Units are dependent
on usage of the function, I.e. in. for
deflection, in./in. for stress-strain,
in/sec for rate dependent functions.
Normally a value of zero is used for force
deflection functions. A negative value
may be supplied for rate dependent
functions.

DI The magnitude of DI is the upper abscissa
value of F1 and the lower abscissa value
of F2, if any. DI ( 0 indicates F1 is
tabular, DI ) 0 indicates Fl is a
polynomial, and DI a 0 indicates Fl z D2,
a constant.

D2 If Dl a O, D2 is the constant value of Fl.
Otherwise, the magnitude of D2 is the
upper abscissa value of F2. If D2 - 0, F2
Is not defined; if D2 is negative, F2 is
tabular; and If D2 is positive, F2 is a
polynomial.

D3 If the function Is to be used for an
inertial spike, D3 represents the abscissa
value for which the inertial spike is to
be ignored if unloading occurs after
deflection exceeds D3.

If the function is to be used for a
coefficient of friction, a value of D3 a 0
means that the impulse option will not be
used for those contacts using this
functxon. If the impulse option is used,
D3 a (1+)/2 and U is the classical
coefficient of restitution for the impulse
option (O(D3(l or -I(U(*I).

If the function is to be used for a
coefficient of friction for a I
globalgraphic Joint, the value of D3 is I
used to specify the impulse. (See Card I
B.5.)
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Card E.2 (continued)

D4 If the function is to be used as a force
deflection function for plane-segmnt
contact D4, is a sacalar that deternines 9
the point of contact force application.
The point of application can be anywhere 9

along a line between the point of naim 9

penetration and the center of the I

Intersection area. Supply zero for the !
point of maxina penetration ad, vue for
the center of the intersection area 9

(O4<).

If used am the friction function for a
roll-slide constraint, D4 is the
coefficient of static friction to be used
for the roll constraint.

9-4 Rev IV.O

79



If Fl is a polynomial, an 1.3 card is required. If Fl is
tabular data, a set of 1.4 cards is required. If F2 exists, an 1
1.3 card, for a polynomial F2, or a met of 1.4 cards, for a
tabular F2, follows the cards defining Fl.

Card 1.3 FORMAT (OF12.0)

AO,AI,A2,A3,A4,A5 Coefficients of a fifth-degree polynomial

F AO + Al*I + A2e1X52 + A301#03
+ A4*1114 + A5*I**5

(Units are dependent on use of the
function)

Card 1.4.a FORMAT (16)

NPI The number of data points to be supplied
to identify the function if it is defined
in tabular form.

Cards 1.4.b FORMAT (OF12.0)

(X(I),Y(I),II,NPI) The abscissa and ordinate values of the
data points used to define the tabular
form of the function. The program will
linearly interpolate to determine
intermediate values. Supply 3 points per
card; use as many cards as required.
Note: Abscissa values must be supplied
in ascending order, starting with the
lower abscissa value, DO or D1, and
ending with the upper abscissa value, DI I
or D2.

(Units are dependent on use of the
function.)

Note: Always supply a Card 1.1 with a function number ) 50
after all functions are defined to signal the end of the
function inputs.
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Subroutine KIrPUT (wind force and Joint restoring force
functions)

If VWINDFuO on Card D.1, Cards 2.6 at* not required.
Otherwise, IWIEDF sets of Cards X.G.a - Z.0.d are required.

Note: There are now two types of wind force functions. The *
first is the time dependent wind force function that was in *
previous versions. The coordinate system that the 0
components of the wind force pressure vector are specified *
in can now be selected for this option (it ws previously *
the ground). The recently added second type of wind force *
function computes the wind force as a function of the 0
relative velocity of a segment. It is based on Inviscid, *
subsonic compressible flow theory for a fluid in which the 0
segments are completely immersed. Also, there is now the *
option of using a time dependent drag coefficient of the 0
form: F - CD'P where P is the wind force pressure computed 0
either by the time dependent wind force option or by the 0
relative velocity wind force option, CD is the time 0
dependent drag coefficient and F is the wind force on a 0
segment. 0

Card 1.8.a FORMAT (I4, 4U, 5A4)

I,XTITLE Same as Card 1.1. Each function number
(I) must be less than 51 and muot be
distinct from those supplied on Cards
R.I.
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Note: Previous versions required a blank Card E.6.b. If the *
time dependent wind force or drag coefficient option is 0

selected a blank Card E.6.b is required unless the orientation 0
of the wind forces, FX, FY and FZ supplied on Cards E.G.d, are *
with respect to a segment other than the ground. In this case 0

the reference segment identification number (D4) must be 0

supplied, with all other Card E.G.b parameters not required. 0
If the velocity dependent wind force option is selected, the 0
following parameters must be supplied. 0

Card E.e b FORMAT (3F12.0.2112) 0

DO Ratio of specific heats of the compressible fluid *
in which the segments are immersed. Required when 0
the wind force is calculated as a function of 0
velocity. For time dependent wind force functions •
and drag coefficient functions must be zero or •

blank. (Dimensionless) •

DI Speed of sound of the compressible fluid in which 0

the segments are immersed (in./sec.). Required 0

when the wind force is calculated as a function of •

velocity. Not used by time dependent wind force *
or drag coefficient functions. •

D2 Absolute pressure of the fluid in which the •
segments are immersed (lbs./in.**2). Note that it *
is assumed constant, i.e. the change in altitude 0
of the segment is assumed to 'Loe small. Required 0
when the wind force is calculated as a function of *
velocity. Not used by time dependent wind force *
or drag coefficient functions. 0

D3 Identification number of the segment whose 0
velocity relative to reference segment D4 is used •

to compute the velocity dependent wind force. 0
Required when the wind force is calculated as a 0
function of velocity. Not used by time dependent •
wind force or drag coefficient functions. 0

D4 Reference segment identification number for the 0
coordinate system that D3's velocity will be 0
relative to if a velocity dependent wind force is 0
selected. For time dependent wind force 0

functions, it is the reference segment number 0

whose coordinate system the components of the wind 0
force, F1, FY, and FZ (from Cards E.8.d-n) are 0
with respect to. If zero or blank, default will 0
be the ground. Not used by drag coefficient 0
functions. 0
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Not required for velocity dependent wind force functions (DO # 0

0 on Card E.O.b).

Card E.S.c FORMAT (I8)

UTUPTB The number of time points or cards
required to define the time dependent I
wind force function on Cards K.G.d. I

lot required for velocity dependent wind force functions (DO 0 *
0 on Card K.8.b). 0

Cards E.6.d FORMAT (4F12.0)
(NTMPTS cards)

T Time (sec.) associated with the time
dependent wind force function pressure I
vector or time dependent drag coefficient 0
given below. Values should be in 0
ascending order with first value equal to I
zero. i

FX,FY,FZ If a time dependent wind force function, I
the x, y and z components of pressure
[force per unit area (lbs./in.**2)] due I
to the wind blast at time T. The I
components of the pressure vector are 0
with respect to the local coordinate 0
system of segment D4 specified on Card 0
E.6.b. The program will use linear
interpolation on T. If the last value of
T is exceeded, the corresponding last
values of Fl, FY and FZ will be used for I
the reminder of the run.

If a time dependent drag coefficient 6
function, FX is the drag coefficient 0
(dimensionless) at time T, while FY and 0
FZ are not used. The same interpolation 0
scheme and approach for time greater than 0
the last T used for the time dependent 0
wind force option also applies for the 0
drag coefficient function. 0
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If IJiTF-0 on Card D.l. Cards 1.7 are not required. Otherwise,
NJNTF (from Card D.1) mote of Cards 1.7.a - E.7.d are required.
The 1.7 cards can be used to provide Joint flexural spring
characteristics that are dependent on two Joint angles,
flexure, THETA and azimuth, PHI. This joint spring
characteristic can be defined an a two dimensional matrix of
joint torque values, at evenly spaced values of THETA and PHI,
or as a met of polynomials dependent on PHI, for evenly spaced
values of THETA.

Card K.7.a FORMAT (4, 41, 54)

I,KTITLE Same as Card 1.1 except that each
function number (I) must be less than 51
and must be distinct from those supplied
on Cards 1.1 or Cards E.O.a.

Card E.7.b A blank card is required.

Card E.7.c FORMAT (218)

THXTA Magnitude indicates the number of columns
in the two dimensional input data matrix
to be supplied on Cards 1.7.d. The
minimum value is 2. If positive, the
iTHETA entries in each row will be
tabular data for equally spaced values of
the Joint flexure angle (THETA) between 0
and 180 degrees. If negative, the
entries will represent the coefficients
of a (INTHETAI-) order polynomial in
(THETA-THETAO).

NPHI T.9 number of rows of the matrix of data
to be supplied on Cards E.7.d-1.7.n.
Each row represents equally spaced values
of the joint azimuth angle (PHI) between
-180 and *180 degrees, but does not
include the last row since the pro4ram
assumes data for PHI(IPHIl)-IO80 are the
same as for PHI()--180. Minimum a 1.
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Cards E.7.d FORMAT (512.0)
(SPh! meta of cards. Use extra cards per met if NTUTAI ) 5.)

THEAO The value of the °dead band' zone for
this value of PHI (DEMRGS). If the
flexwe angle (THETA) is loss than
THITAO, the Joint restoring torque will I
be zero.

F(J),Jz2,NTHETA For ETHETA positive, tabular values of
the Joint restoring torque (in-lbs) for I
flexure angles:

THTA(J) (J-1)*1SO/(IYHETA-l) degrees

Values of zero should be supplied for
THETA ( THETAO.

For NTHITA negative, the coefficients of I
a polynomial for the joint restoring I
torque (in-lbs) in (THKTA-THITAO) of I
order one less than the magnitude of
ITHITA. F(J) is the coefficient of I
(THITA-THITAO)C*(J-l) where (THETA- I
THETAO) is expressed in radians.
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F. Subroutine FIEPUT (allowed contacts)

On many of the F Cards, a segment number to which a plane or
ellipsoid ic attached to required. Theme segment numbers refer
to the index I for the segments defined on the B.2 cards, the
vehicle segment number from the C cards or the ground segment
number. The inertial or ground segment Is assigned a segment
number NOUND. Where lO=D is equal to the sum of 1310 (Card
1.1), the number of vehicles (Cards C). flAG (Card D.l) and
one.

If NFL is nonzero on Card D.1, Cards 7.1 are required.

Card F.1.a FORMAT (1814) If IPL)IS, use 2 cards.

IIL(J),J=1,NFL For plane J, the number of segments for
which segment-plane contact is allowed.
NFL in the number of planes from Card
DI. The value of any MUlL for plane J
my be zero and the maximum value is 5.
However, If it is required to have more
than 5 segments contact the sawe plane.
mat up two or more Identical planes and
permit a maximum of 5 segments to contact
each plane. The maximum total number of
plane-segment contacts Is 70.

For each plane J, IFL(J cards of the following must be

supplied.

Cards F.I.b FORMAT (1014)0

NJ The plane number for which contact is
allowed. NJ must correspond to J above.
There mst be IFL(J cards with this
same NJ. If FL(J - 0, no NJ -J
should be present.

IS(1 The segment number to which plane J is
attached.

N3(2) The segment number (determined by the
card number I under Card B.2.&) for which
contact with the NWth plane Is allowed.
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Cards F.l.b (continued)

N8(3) The number of the contact 0
(hypr)oellipsoid associated with the 0
segment 38(2). If negative, the contact *
location printed in the tabular time 0
history for this contact will be in the 0
local reference coordinate system of 0
segment N1(2), if positive, it will be 0
for segment 18(l). 0

17(1) The function No. from Card 1.1 to define
the force deflection function for this
contact.

If W(1)0O, a roll-slide constraint will
be exercised by the program for this
contact which does not require 37(2),
17(3) or f17(4 but does require a
friction coefficient function to be
defined by 1r(5). Also, the initial
positions on Cards 6.2 must be such that
there is no contact at time a 0. Note: *
The roll-slide option cannot be used with *
hyperel1ipsoids. 0

FM(2) If positive, the function Mo. from Card I
1.1 to define the inertial spike function
for this contact. If sero or negative,
no inertial spike exists.

If negative, the magnitude specifies the
function No. for F2 of the rate dependent
functions described below.

1NF(3 If positive, the function No. from Card I
1.1 to define the I (energy absorption)
factor function. A value of Rl
indicates that all energy Is recovered
(no loss) and R=O indicates that no
energy is recovered. If NF(3)}O, Rol is I

assumed (default).

If negative, the magnitude specifies the
function No. for F3 of the rate dependent
functions described below.
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Cards F.l.b (continued)

N1(4) If positive, the function No. from Card I
1.1 to define the 0 (permanent
deflection) factor function. If 7(4)-0,
GuO is asumed (default).

If negative, the magnitude specifies the
function No. for F4 of the rate dependent
functions described below.

NF(5) The function No. from Card 1.1 to define
the friction coefficient function. If a I

roll-slide constraint is used for this
contact (17(l)30), the value of D3 on
Card 1.2 for this function should be 0.5.

Note: By defining N7(2), 1F(3) and NF(4) as all negative, the I
contact force is defined by deflection and rate dependent
functions, instead of the inertial spike, R factor and 0 factor
functions. The combined deflection and rate dependent function I
is defined by:

When D)O, F(D,D') - FLED) * F2(D)*F3(D') * F4(D')

When D(O, F(D,D') a 0.

Where D and D' are the deflection and rate of deflection and
Fl, F2, F3 and 4 are functions specified by 17(1), N17(2),
NF(3) and NF(4), respectively. If NF(2), NF(3) or N7(4) is
zero, the corresponding function (M2, F3 or 4) is zero. I

Note: There can not be a mix of positive and negative values I
for NF(2), F7(3) and NF(4), i.e. they must all be either zero I
or positive, or they must all be zero or negative. I

Care must be taken in defining FI(D), F2(D), F3(D') and 4(D'),
so that F(D,D') is not negative for any possible values of D I
and D'.
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Cards F.l.b (continued)

II Indicator for the plane-segment edge 0
effect option and Infinite plane options: *

31=0 standard finite plane test. No *
force is applied unless the 0
center of the Intersecting
ellipse Is within the plane 0
boundaries. No force is applied *
f or complete penetration of the *
(hyperOellipmoid.

31)0 edge effect test. Mhen only part 6
of the Intersecting ellipse Is
within the plane boundaries, the 0
deflection and corresponding 0
force are calculated at the
centroid of the area of the 0
ellipse that Is within the plane 0
boundaries. So force is applied 0
for complete penetration of the 0
(hyper)ellipsoid. This option 0
cannot be used with a 0
hyperellipsoid that has unequal 0
powrs.

NU-l the plane Is assumed infinite.
Therefore no boundary test is 0
made. No fore* is applied for 0
couplete penetration of the 0
(hyper) ellipsoid.

S
NI.-2 -the plane Is assumed infinite. 6

Therefore no boundary test Is 0
made. A force is applied for 0
complete penetration of the 0
(hyper)ellipsoid.

0
IK(-2 -standard finite plane test. No 0

fore* is applied unless the 0
center of the Intersecting 0
ellipse is within the plane S
boundaries. A force Is applied 0
f or complete penetration of the 0
(hyper) llipsoid.
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If IBLT is nonzero on Card D.l, Cards F.2 are required.

Card F.2.a FORMAT (014)

MIBLT(J),J=l,MBLT For belt J, the number of segments for
which segment-belt interaction Is
allowed. IBL is the number of belts
from Card D.I. Each BLT may have a
value of only 0 or 1.

For each belt J, WIBLT(J) cards F.3.b imat be supplied.

Cards F.2.b FORMAT (914)

NJ The belt number to be contacted, must
correspond to J above. There must be
WBDLT(J) cards with the same NJ. If
IMBLT(J) 0, no NJ - J should be
present.

1S(l) The segment number to which belt NJ is
attached.

1S(2) The segment number (determined by the
card number I under Card B.2.a) for
which interaction with the XJth belt is
allowed.

SW(3) The number of the contact ellipsoid
associated with the segment IS(2). Note: 0
Hyperellipsoids can not be used with this 0
option. 0

NF() The function number from Card 1.1 to
define the force-deflection function for
this contact. The abscissa for this
function should be strain (in/in).

MF(I),I=2,4 Sam definition as on Card F.l.b above.

NF(5) If non-zero, full belt friction is
assumed, i.e., forces ,re computed for
each half of the belt separately. If
zero, zero belt friction is assumed,
i.e., belt tension is the saw at both
belt anchor points.

Mote: The use of rate dependent functions as defined under
cards F.l.b is not permitted for belt-segment contacts.
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Card F.3.& is always required. It may be blank to specify that
no segment-xegment forces are to be computed by the program.

Card F.3.& FORMAT (1814) It 1810)18, use two cards.

MISEG(J),J-1,NSEG For segment J. the number of segments for
which seguient-segment contact is allowed.
1810 is the number of segments from Card
3.1. Rach segment contact, A versus B,
my be inputted either way except wbere
an interior contact is desired (see
13(3)).
Any or all values of 110816 my be zero.
The maxim value for each WSEG is 5.
The maximumi total number of segment-I
segment contacts Is 40.

For each segment J, WSIG(J) cards F.3.b must be supplied.

Cards F.3.b FORMAT (914)

NJ The segment number to be contacted, It
must correspond to J above. There mat
be *USKG(J) cards with this saw NJ. If
*NSIG(J) - 0. no NJ a J should be
present.

13(1) The number of the contact 0
(hyper)ellipsoid associated with segment 0
NJ. A hyperellipsoid must have equal 0
powers. 0

13(2) The segment number (determined by the
card number I under Curd B.2.a) for which
contact with the 5Jth segment is allowed.

18(3) The number of the contact 0
(hyper)ollipsoid associated with the 0
segment 18(2). A hyperellipsoid muat 0
have equal powers. If negative, an 0
interior contact will be assumed with 0
ellipsoid N8(1) Inside 18(3). 0
Hyperellipsoids can not be used for 0
interior contacts. S

NF(I),sl,.5Sam definitions as on Card F.1.b above.

Note: The use of rate dependent functions, as defined under
Cardn F.I.b, Is permitted for segment-segment contacts.
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If IJIT iu nonzero on Card B.1, Card F.4.a is required. Supply
IGLOBml for globaigraphic option, otherwise supply 0 or
blank.

Card F.4.a FONMAT (1814) If NJUT)I8. use two cards.

IGLOD(J),J=l,IJIT For each Joint J, supply 1 for IGLOD(J
if MUM(J is +3 or -3 on Cards I.3.a -

3.3.1; otherwise supply zero or blank.
One card F.4.i mist be supplied below for
each J for which IGLOI(J -1.

F-7 Rev IV.0
92



Cards F.4.b FORMAT (914)

NJ The identification number for a
globalgraphic Joint, must correspond to J
above and cards must be supplied in
ascending order on J.

S(I),I=1,3 Currently not used by program.

1F(1) The function number from Card 1.1 to
define the torque-deflection for this
globalgraphic Joint. The ordinate for
this function should be torque (in.-lb.)
and the abscissa is the angular
deflection (radians) into the stop.

1F(2) The function number from Card 1.1 to
define the Herron formulas for T (Joint
stop angle in radians) and its derivative
TP with respect to PHI both as functions
of PHI (the Joint angle from the
reference axis in radians). Normally
they will be computed by:

T PI + SPeP2
TP * P1' + CPeP2 + SPuP2'

where Pl. P2 are the 5th degree
polynomial evaluations of COS(PHI)
using the two polynomials l and F2
obtained by setting both Dl. D2 ) 0
on Card 1.2;

P1', P2' are their derivatives with

respect to PHI;

and CF. S? are COS(PHI) and SIN(PHI).

If Dl, D2 are not both positive, T and TP
will be evaluated as functions of PHI in
radians (0 < PHI ( 2Pl) as specified on
Cards I.1 - 1.4 for function X7(2).

1F(I),1U3,5 Sam definitions as on Card F.l.b above
except that the use of rate dependent
functions i not permitted.
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If IJNT)0 (Card BD and IJNTF>0 (Card D.1), Card F.5.a is
required.
If IJNT)O and IJNTF=O, the program will set the JOINT? array to
zero and Card F.5.a is not required.

Card F.5.a FORMAT (1814) us* two cards if NJNT ) 18.

JOIUTFJ).J1l,UJNT For each Joint WJ, the function
identification numer as supplied on
Cards 9.7.a to be used by Subroutine
VISPR to compute the joint restoring
force by Function FUTIR?. If zero, the
values of SPlIIG(l,3'J-2) as supplied on
Cards D.4.a will be used using Function
EJO INT.

If DRAG 0 0. NBAS cards of the following must be supplied.
Since the air bag routines do not use the force-deflection
functions, this input has different formats than for the above
allowed contacts.

Cards F.6 FORMAT (214, 2012)

K The air bag numer corresponding to the
index J under Cards D.4 above. K must be
In numeric order K a I to DRAG, where
DRAG is the number of air bags defined on
Card D.l.

NK ?he number of segments allowed to contact
the Kth air bag. The maximum value is
10. If DX x 0, the remainder of the card
is blank.

MAO (2,1, K) , The segment numbers (determined by the
MBG2IX)I1N card number I under Card B.2.a) each

followed by the number of the associated
contact ellipsoid for which contact
forces with the Kth air bag will be
computed. Note: Hyperellipsoids can not *
be used with the airbag routines.
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It IWIIDFsO on Card D.1, Cards F.7 are not required and the
program will set the MIG array to zeros. Otherwise. Cards
F.7 are required.

Card F.7.a FORMAT (1B14) use two cards If ISEG ) 18.

WS1G(1,J),J=1.ISEG For each segment J, supply zero If no
wind force calculations are to be
performed. Otherwise, supply a value of
one to indicate wind forces are to be
computed.

Supply a Card F.7.b for each segment WJ where inSIG(1,J) u1.

Card F.7.b FORMAT (714,2212/28181I2)

JJ The segment Identification number from
Cards B.2.a for which wind force
calculations art to be performed. Nut
correspond to J from Card F.7.a and be
supplied In ascending order.
If negative the wind force will be
calculated using an overlaying grid, 0
allowing for blocking by other segments. *
(lots: This option my significantly
increase run time.)

MWSEG(2,J) The number of the contact ellipsoid to be
associated with segment number JJ.
Byperellipsoids can not be used with this 0
option. 0

WinIG(3 J) The segment identification number (MIGl I
for the, vehicle associated with plane I
number UM0E (4,J) .
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Card F.7.b (continued)

MEG(4,J) The plane identification number from Card
D.2.a through which if segment J passes,
wind force calculations will be
performed.

M 10(5,J) The function number from Card E.6.a for
the wind force function to be used.

nSZO(aJ) The function number from Card K.G.a for 0
the drag coefficient function to be used. 0

If xero or blank, 1.0 will be used for 0
the drag coefficient. 0

MNSWG(7,J) Number of segments that may block segment 0
JJ from the wind force. Only used if JJ 0
is negative. 0

(MWSIG(2K-1,J), The segment identification number and 0
MfOUEG(2X,J)), contact ellipsoid number of the possible *
X=1,MSIG(7.J) segments blooking segment JJ from the 0

wind force. Used only if JJ is negative. 0
If 10(7,J) )11, use a second card, 0
leaving the first field of 28 columns 0
blank. If MBIG(7,J) - 11, a second 0
card, completely blank should follow this 0
card. 0
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F.8 Subroutine HIMPUT - Card input for harness-belt system.

It IHRNSS * 0 on Card D.1, Cards F.8 mumt be supplied.

Card F.8.a FORMAT (514)

IBLTPH(I), Number of individual belts for each harnesm
I-IHRNSS No. I. May be zero or blank. Maximum value

of the sun of all EDLTP? is 20.

Card F.8.a is followed by NHRN88 sets of Cards F.8.b - F.S.d.

Card F.8.b FORMAT(1814) use two cards If NBLTPH())18.

NPTSPB(J), The number of reference points including
J=l,IBLTHP(I) anchor points for belt No. J of harne No. I.

May be zero or blank. The .mimum value of
the sum of all 1PTSPB for all harnens-belt
system in 100. The maxium value of the sun
of all 1PTSP9 for any one harness belt system
is 50. The maximm value of any individual
1PTP is 25.

Each Card F.B.b ia followed by NBLTPH(I) sets of Cards F.8.c -

F.8.d.

Card F.e.c FORMAT (514, F12.0)

NF(L),L-l,5 The function numbers from Cards 1.1 to define
the strem-strain of belt No. J. The
definition of theme functions are identical to
those of 1F(1) to X7(5) on Cards F.2.b, except
that the use of rate dependent functions is
permitted. 17(5) is currently not used by the I
program.

XLOIG(J) The initial slack (in) of belt Mo. J. A
negative value can be specified to indicate a
pre-tightened belt. The program will add this
to the initial geometric length to obtain the
initial belt length and distribute the slack
proportionately between the points.
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Each Card F.S.c is followed by NPYSPB(J) pairs of F.S.dl and
F.S.d2 cards to specify the reference points (K) for belt (J)
of harness (I).

Card F.B.dl FORMAT (G14, 312.0)

KS The segment associated with reference point
(K). If a tie-point is being used, KS is the
sun of this segment number and IOOOKTP, where
KTP is a tie-point identification number. All
points (K) of harness (I) that have the same
non-zero value for KP (there should be only
one for each belt (J)) will be connected and
should have identical values for all other P
Input.

KR The identification number of the contact

ellipsoid associated with reference point Mo.
K. If no ellipsoid is specified (U=O), the
program will assume a unit sphere. 0
Hyperellipsoids can not be used with the
harness belt option.

MPD Indicator for the preferred direction option.
If a non-zero integer is given, a non-zero
vector mt be specified for BAR(L,K), La 10,
12 on Card F.8.d2. The reference point will
be allowed to move along the surface in a
direction which is perpendicular both to this
vector and to the normal of the surface
subject to the constraint imposed by D2 of
function NF(5) below. If NPDuO, the nominal
belt line is used in place of this vector.
NPD mt be nonzero if point Mo. K is a tie-
point. Mote: Specifying a preferred
direction (PD 0 0) requires that the
reference point be allowed to move (NDI 0 0).
If the belt is permitted to slip (1DM a 0),
there must be no preferred direction option
(NPD * 0).

MDR Indicator for the delta R option. If NDR a 0,
belt (J) will be allowed to slip at reference
point (K). If Di 0 0, belt (J) will not slip
but reference point (K) will be moved along
the nominal belt line. In both cases the
slippage or motion is subject to the
constraint imposed by the coefficient of
friction given by D4 of function 1M(5) below.
NDR must be non-zero for end reference (tie or
anchor) points of the belt.
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Card F.8.dl (continued)

NF(L),L=I,4 The function numbers from Cards 1.1 to define
the force deflection function between belt (J)
and reference point (K). If 37(1) = 0, the
surface is treated as rigid and no
perturbation of the reference point normal to
the surface is allowed. The use of rate
dependent functions, as defined under Cards
F.I.b, is permitted.

1F(5) The function number from Card 1.1 to define
the friction coefficients for belt (J) at
reference point (K). Two constant values are
to be defined on Card 1.2 of this function by
setting DD a Dl a D3 a 0. D2 is the
coefficient of friction perpendicular to the
nominal belt line along the surface and D4 is
the coefficient of friction along the nominal
belt line. If Nf() a 0, infinite friction in
assumed. It should be noted that the anchor
point is treated as any other point.
Therefore, if the anchor point is to be
rigidly attached, 17(5) a 0 munt be supplied.
Even with the anchor point rigidly attached,
it can still move along the normal to the
ellipsoid (K e 0) or to the unit sphere (K *

0) because of penetration. If the anchor
point is not to move at all, NF(1) - 0 should
also be supplied.

BAR(L,K).L=I,3 The x, y and x coordinates (in) of reference
point (K) of belt (J). If a contact ellipsoid I
is specified (K 0 0 ), the vector Is assumed I
to be orientated with respect to the local I
coordinate system KS, but translated such that I
its linear dimensions are with respect to the
center of the contact ellipsoid K. The I
supplied values will be adjusted by the I
program to lie on the ellipsoid surface. If
no contact ellipsoid is specified (K - 0), a I
nonzero vector, Specified in the local !
coordinate system of KS, must be supplied.
This vector specifies the direction of the I
normal in the perturbation coordinate system I
used to resolve the belt segment forces. The
program will asume that belt (J) will run
through the points in the specified order.
However, If the forces are such as to pull the I
belt away from the surface, this point will be I
ignored if It is not a tie or anchor point.
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Card F.8.d2 FORMAT (8F12.0)

BAR(L,K), If KE 0, i.e. no contact ellipsoid, the x. y I
L-7,9 and z coordinates (in) of the offset in the i

local coordinate system of segment KS. This
vector is added to the reference vector
defined above (L-l,3) to determine the
location of the reference point (K) relative
to the center-of-mams of segment KS. If KE 0 I
0, i.e. there is a contact ellipsoid, any
supplied value is ignored and the ellipsoid I
offset value P2(I) specified on Card D.5 is I
used instead. I

BAR(LK). The x, y and z coordinates of a vector in the
L-IO,12 local coordinate system of segment KS. This

vector is used for the preferred direction
(see MPD above). This vector must not be
parallel to the normal computed from BAR(L,K),
for L-I,3 above.
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G. Subroutine INITAL

Card 0.1.a FORMAT (3O10.0, 514)

ZPLT(I),Is1,3 The x, y, and z printer plot coordinates
(for Subroutine PRIPLT) of the origin of
the primary vehicle reference system.

0 1 K ( 61
0 (Y (61
0 ( Z ( 121

I1 A value of 15 is required to call
Subroutine EQUILB and process Cards 0.4,
0.5 and G.8.

Jl If non-zero, Card G.l.b is required to
define scaling information for the
printer plots.

12,J2 Currently not used by the program.

13 If zero, segment linear and angular
velocities are not supplied on the
following cards but are set equal to the

initial primary vehicle velocity. If
13 0 0, SlGLV and AMI)G muat be supplied I
on cards 0.2 and 0.3.
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If JI is zero or blank on Card G.l.a, the following Card G.l.b
should not be supplied and default values of 10.0, 6.0 and 1.0
will be used for the SPLT array.

Card G.1.b FORMAT (310.0)

SPLT(l) The number of horizontal print positions
per unit length for the output unit that
will print the printer plots produced by
Subroutine PRIPLT (normal value is 10.0
for 10 spaces or columns per inch).

SPLT(2) The number of vertical print lines per
unit length (normal values are 6.0 or 8.0
for 6 or 8 lines per inch). The program
uses only the ratio of SPLT(1) to SPLT(2).

SPLT(3) Scale factor that represents the distance
(inches or length unit on Card A.3)

between vertical print lines for the
printer plots. Note: The printer plot

ws originally designed for 120160 units
(inches) along the z and x or y
directions which may not be satisfactory
for certain situations (e.g., metric
units).
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One G.2 card must be supplied for each reference segment .
segment No. 1 and for each segment J where JMT(J-1) = 0 on
Cards B.3) in ascending segment number sequence.

Cards a.2 FORMAT (WF10.0)

SEGLP(I,J),1=1,3 The initial x, y, and z coordinates of
reference segment J in the inertial
reference (in).

SEGLV(I,J),I=l,3 The initial x, y, and z components of
velocity of reference segment J in the
inertial reference (in/etc) . These
fields may be left blank if 13 = 0 on
Card 0.1 in which case the initial
velocity of the primary vehicle will be
used.

NSEG sets of cards G.3.a-0.3.b are required.

Cards 0.3.a FORMAT (8F10.O, 413)

YPR(i,J),I=1,3 The initial rotation angles (degrees) of
the Jth segment about the local z, y and

x axes of the segment given by ID(4,J) in
the order specified by ID(I,J),I=1,3
below.

WWDEG(I,J),I=I,3 The initial components of angular
velocity about the local x, y and z axes
of the Jth body segment (deg/sec). If 13

= 0 on Card 0.1, the initial angular
velocity of the primary vehicle will be
converted to the segment reference and
used.

fDT,J),I=l,3 Indicators used to specify the order of
the axes of the rotations given in YPR
above. (See complete definition under
Cards B.3.a2.) Zeros or blanks will
default to 1, 2 and 3 to indicate that
the standard sequence of yaw. pitch and
roll is reversed (as required by versions
previous to 18A of the program).

Values of 3, 2, 1 indicate that the
standard yaw, pitch and roll sequence
will be used.
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Cards G.3.a (continued)

Values of 3. 1, -3 indicate that
precession, nutation and spin for Euler
Joints will be used.

A negative value for ID(I,J) indicates
that projections or projection angles of
the local axes of segment J will be used
instead of the initial rotation angles
and that a Card G.3.j2 will follow this
card.

ID(4,J) The segment number to which the rotations
given by YPR or by the angles on Card
G.3.j2 are with respect to. A value of

zero or blank will default to the ground
(MEGNBAG+2) or inertial reference. The

primary vehicle may be specified by
supplying MS0+I, where USEG is either
USEG or the largest USEG from Cards C.2a.
Otherwise, the number of the segment
must be less than J. A negative number
(-:JNT(J-l):, as specified on Card

B.3.al) may be used to define the
rotation angles with respect to the joint
axes as specified on Card B.3.a2.

Note: The values of YPR and ID are used to compute a direction
cosine matrix R. The direction cosine matrix D(J) of segment J
is determined by the value of K = ID(4,J) as follows:

K 0: D(J) = R(J) ( K=O or equal to NGRND
K >0: D(J) = R(J)D(K) ( K(J or equal to MVEH
K ( 0: D(J) = H'(J)R(J)H(K)D(K) ( K - -,JIT(J-l1) )

There are no restrictions on a ball or Ruler joint. An Euler
joint can be set to an initial precession(P), nutation(N) and
spin(S) by specifying YPR = P, N, S and ID = 3, 1,- 3, -:JKT(J-
in. To preserve the axes of a pin joint, the relative
orientation of segments J and JNT(J-l) must represent a
rotation about the pin axis only. (The pin axis is always the
y axis of the joint axes as specified on Card B.3.a2.) This
can be assured by supplying YPR a O, P, 0 and ID - 0, 0, 0, -

:JfT(J-l):, where P is the pitch of segment J with respect to
the center of symmetry (Card B.3.a2) of joint J-l. For the
case where the y axes of segments J and JUT(J-l) are parallel
to the pin axis, the pin axis can be preserved by supplying
values of YPR = 0, P, 0 and ID - 0, 0, 0, :JNT(J-I) where P
is the pitch of segment J with respect ot segment JUT(J-1).
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A Card 0.3.b must follow every Card 0.3.a on which ID(1,J) is

negative.

Cards 0.3.b FORMAT (810.0, 403)

AI.A2,A3 Specif ies the projection of the primary
axis given by IX below. If II is
negative, values will be the x, y and z
components (in) in the projection
reference system of a vector &Iong the
positive IK axis of segment No. J. If 11
is positive, Al, A2 WA not used) are the
Projection angles (deg) of the positive
IK axis of segment number J in two of the
projection reference planes specified by
the value of II.

B1,B2,D3 Specifies the projection of a secondary
axis given by JX below. The definition
io identical to Al, £2, A3 above but uses
JJ and JK instead of 11 and IK.

ii If I1 is negative, the components of a
vector along the positive IX axis will be
given by Al. £2, £3. If 11 is positive.
a value of 1, 2 or 3 IN used to indicate
that the x, y or z axis is the co mmo n
axis of the two projection reference
planes used to specify the two projection
angles as follow:

If Hal1, Al in z-x plane, £2 in x-y plane.
If 11*2, Al in x-y plane, £2 in y-z plane.
If 11.3, Al in y-z plane, A2 in Z-1 plane.

In the x-y plane, the angle Is matured
from the x axis, positive toward the y
axis.

In the y-z plane, the angle it measured
from the y axis, positive toward the z
axis.

In the z-x plane, the angle is measured
from the z axis, positive toward the x
axis.

Restriction: SIN(Al)#COS(A2) cannot be
Zero.
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Cards 0.3.b (continued)

1K A value of 1, 2 or 3 to specify that the
x, y or z axil of segment number J is the

primary axis to be projected.

JJ,J Sam definition as for II, IK above but
for a secondary axis of segment number J.
The value of JX must be different than
that of IX.
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Subroutine RQUILB

Cards 0.4, G.5 and G.6 are required if II - 15 on Card 0.1.

Card 0.4 FORMAT (214)

NVAR No. of independent variables supplied on
Cards 0.2 and 0.3 that are to be adjusted
such that contact normal forces are equal

to either Ox supplied on Cards 0.5 or
constraint normal forces controlled by
Cards 0.6 (max - 10).

ICON No. of constraints to be imposed to
compute those constraint forces which
will be satisfied by initial contact
forces. If zero, the supplied values of
Gx will be used, (max = 5).

Cards 0.5 FORMAT (314, 2F8.0, 814)
(WVAR cards)

MTV(J) Indicates type of Jth independent variable
1 - SEGLP from Cards 0.2
2 - YPR from Cards G.3

11(J) A value of 1, 2 or 3 to indicate the x, y
or z coordinate of SEOLP if UTV(J)1I, or
yaw, pitch or roll of YPR if NTV(J)=2.

150(J) The segment number (as specified by index
I of Cards B.2) for the Jth independent
variable.

01(J) The magnitude of the contact normal force
for the Jth independent variable (lbs.).
If this contact is to be controlled by a
constraint on Cards 0.6 (i.e.,
J-JlDGI(I)), the supplied value of Ox
will be the initial value for the
iteration of the contact normal force to
equal the constraint normal force;
otherwise, the Jth independent variable
will be adjusted such that the contact
normal force will be equal to Ox.
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Cards 0.5 (continued)

IDIV(J) The maximum allowable deviation from the
initial positions speclifled on Cards 0.2
and 0.3 during the iteration of the Jth
independent variable for the contact
normal force to equal Ox. If exceeded,
the program will terminate with an error
mesag. If DEV a0, the tests will not
be performed.

JPL(J The plane number corresponding to NJ on
Cards F.l.b - F.l.n for the contact whose
normal force in to be controlled by the
Jth variable.

JSO(J The segment identification number (as
specified by index I of Cards B.2)
involved in the contact with plane No.
JPL(J. Not*: A contact between this
plane and segment must have been met up
on Cards F.I.b - F.I.n.

NAV(J No, of variables associated with the Jtb
independent variable. (Maxx 5, may be
zero.)

KSO(I.J),I-l,NAV The segment numbers (definition same as
for NSG(J) for the IAV(J variables
associated with the Jth independent
variable. Any change made to the Jth
independent variable to achieve initial
equilibrium will also be made to the
corresponding variables for these
segments such that the initial relative
orientation will be maintained as
specified on Cards 0.2 and 0.3.
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Cards 6 FORMAT (MV4
(NCON cards)

IPL(I),ISG(I) The plans and segment numbers (definition
van* as for JPL(J and JSG(J above) for
the Ith constraint to be imposed for
initial equilibrium during the contact
normal fore* to constraint normal force
iteration.

LTYPI(I Indicates the type of the Ith constraint:
3 - Roll constraint,
4 - Slide constraint.

INDOIMI The index J (from I to NVAN) from Card
6.5 for which the contact normal force
will be iterated to be equal to the Ith
constraint normal force*. May be zero,
but If IIDGICI) a J. then IPL(I and
ISOM1 most be equal to JPL(J and
JSG(J.

Note: Subroutine IQUILD will adjust the initial position
parameters supplied on Cards 6.2 and 0.3. If the constraints
temporarily Imposed by Cards 6.6 properly constrain all of the
segments, zero accelerations will be obtained while the
constraints are on. The iteration will produce normal and
tangential contact forces that will result in small (( 0.02 6)
initial linear accelerations f or all of the body segments. For
the seated *standard' fifteen segment occupant, this can be
achieved as follows:

A. Lock Joint P, U. NP, HP, RA and LA by setting IPII z -2 on
Cards B.3. If the meximum torque f or a locked Joint (TI f or
VISC(4,3.J-2) on Cards 9.5) is zero, then Subroutine IQUILB
will get TI f or those locked Joints to 1.5 time the magnitude
of the Joint torque finally produced at time zero.

B. Constrain the arm by either setting up fixed point
constraints (type - 1) f or the ILA and LLA with the vehicle on
Cards D.6, or lock the Joints RB, U1, LS and LE as in step A
above. If the constraints are imposed on Cards D.O. Subroutine
IQUILB will adjust the point on the vehicle (112 on Cards D.6)
f or any type I constraint involving the vehicle so that it will
coincide with the specified point on the body segment (RIl on
Cards D.0) as adjustments are made to the initial position
parameters.
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C. Set up allowed contacts and associated force deflection
functions on Cards F.1 for the seat cushion plane with the LT,
RUL and LJL segments, the seat back plane with the LT. CT and
UT segments, and the floorboard plane with the RF and LF
segments.

D. Set up initial position parameters on Cards 0.2 and 0.3
that are just *short of' or close to the final penetration
distancem for the segments with the contact planes.

E. Set IVAR - 5 and NCO* - 4 on Card 0.4.

F. Supply the following input parameters on Cards 0.5:

J ITV Nil MSG OX XDZV JPL JSG NAV KSG

1 1 3 (LT) 90.0 1.0 (seat cushion) (LT) 0
2 1 1 (LT) 5.0 1.0 (mseat back) (LT) 0
3 2 2 (UT) 10.0 5.0 (seat back) (UT) 4 (LT),

(CT),
(3),
(N)

4 2 2 (RUL) 25.0 10.0 (seat cushion) (RUL) 1 (LUL)
5 2 2 (RLL) 10.0 10.0 (floorboard) (RF) 1 (LLL)

G. Supply the following input parameterm on Cards 0.0:

I IPL ISO LTYPI IIOX

1 (seat cushion) (LT) 3 1
2 (seat back) (UT) 4 3
3 (floorboard) (RF) 3 5
4 (floorboard) (LF) 3 0

Using the above input parameters, Subroutine EQUILB will adjust
the x and z coordinates of the LT, the pitch angles
(maintaining the initial relative orientation) of the UT, LT,
CT, i and H segments, the RUL and LUL segments, and the RLL and
LLL segments, and the initial normal contact forces (Ox) of the
seat cushion with the LT, the seat back with the UT and the
floorboard with the RF. It is believed that the resulting
initial positions are unique and are functions of the values of
the contact normal forces (0x) supplied for the seat back with
the LT and the seat cushion with the RUL contacts.
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H. Subroutine OUTPUT

This subroutine provides input to control the desired time
history output of selected total and angular accelerations,
velocities, displacements, Joint parameters, joint forces 0
and torques, wind force data and total body properties. 0

H.1 (X=I) Linear acceleration time history output. 0

Card H.l.a FORMAT (18, 213, 3F12.6) 0

NS1(K) The number of selected points on the
various body segments for which time
histories are desired. The maximum value
for ISG(K) is 20. If 1SQ(K) is 0, insert
2 blank cards. If OW(K) is 1, a single
blank card should follow card 1.I.K.

XRIF(I,K) The reference segment number the first 0
point total accelerations are to be given *
in. If zero or blank, the default will 0
be the 5MG segment number the point Is 0
attached to, i.e. the local reference 0
y tem. Note that all previous input 0
decks can be used without modification 0
and will default to the local reference 0
system of segment me. If MG is 0
negative, KREF Is the initial 0
accelerometer setting. In this case KXRU *
mt be 0 or 1. If KRFuO, there is no 0
gravity vector offset; if KRKZFz, the 0
initial accelerometer value a 10 along 0
the gravity vector specified by Card A.3. 0
However this offset remains in the local 0
MO coordinate system. The accelerations 0
will be in the local coordinate system 0
when SO is negative. 0

MG(IK) The segment number of the first point as
determined by the index I on Cards B.2.
A vehicle or airbag may be specified by i
their segment number. If MSG is S
negative, the accelerations will 0
correspond to the output of an 0
accelerometer attached to S0 at the ISO 0
point. 0
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Card H.I.a (continued)

XSG(I,1,K),I=1.3 The x, y, and z coordinates in the
segmnt reference of the first point
(inche@).

Followed by NSG(K-1 Cards H.1.b (For Jz2,ISG(K)). One H.I.b
card is always required.

CARDS H.l.b FORMAT (U9, 13. 3FI2.6)

iCBEF(J,X) Sam as above but for the Jth point.

NG(J,X) Sam as above but for the Jth point.

XSG(I,JKX),1-l,3 Sam as above but for the Jtb point.
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H.2 (X=2) Relative velocity time history output. 0

Cards H.2.a FORMAT (16. 213, 3F12.6) 0

NSG(K) Sam description as for H.I.

KREF(I,K) The reference segment number the point
relative velocity is to be given in. If 0
zero or blank, the default will be the S

vehicle. Nots that all previous input 0
decks can be used without modification 0
and will default to the primary vehicle *
reference system. 0

M((I,K) The segment number of the first point as I
determined by the index I on Cards B.2. !
A vehicle or airbag may be specified by I
their segment number.

XSG(I,J,K),I=l,3 Same description as for R.l.a

Followed by 1SG(K)-i Cards H.2.b (For Jx2,1SG(K)). One H.2.b
card is always required.

CARDS H.2.b FORMAT (19, 13, 3F12.6) 0

XREF(J,K) Same as above but for the Jth point. 0

MSG(J,X) Same as above but for the Jth point. I

XSG(1,J,K),Izl,3 Same as above but for the Jth point.

H.3 (X-3) Relative displacement time history output 0

Cards H.3.a - H.3.b FORMAT (16, 213, 3F12.6/ (19, 13, 3F12.6)) 0

Same description as for Cards H.2.a - H.2.b except for relative I
displacements. I

H-3 Rev IV.O

113



H.4 (0C4) Segment angular acceleration time history output 0

CARD 1.4 FORMAT (18, 2213/ (19. 2113) )

186(K) The number of selected segments for which
time histories are desired (maximum
20). Supply blank card if none are
desired.

(Xli?(J,K), KSG pairs of numbers. The first number *
MSG(JK)),J=1,XSG of a pair (KU?) is the number of the 0
where KSG-ISG(K) reference segment the segment angular 0

accelerations are to be given In. The 0
second number of a pair (U0) is the
segment number whose angular acceleration 0
is to be given. If KUF Is zero or0
blank, the default will be the segment
number, i.e. the local reference system. *
Note that all previous decks can be used 0
without modification and will default to *
the local reference system. WO is the *
segment number as determined by index I I
on Cards 3.2. A vehicle or airbag may
be specifiled by their segment number. If
NOW(K ) 11, use the second card, leaving
the first field of 6 columns blank. If
ISG(K a 11, a second card, completely
blank should follow this card.

H.5 (0(5) Segment relative angular velocity time history output 0

Card H.5 FORMAT (18, 2213/ (19, 2113) )0

N50(X Sam description as for H.4

(KREF(J,X), XSG pairs of numbers. The first number 0
MSG(J,K)),Jxl,XSO of a pair (KR1?) is the reference segment 0
where XSO=ISG(K) number the segment relative angular 0

velocities art to be given in. The 0
second number of a pair (G3) is the 0
number of the segment whose angular 0
velocities are to be given. If KIN? is 0
zero or blank, the default will be the 0
vehicle. Note that all previous input 0
decks can used without modification and 0
will default to the primary vehicle 0
reference system. USG Is same as for 0
Card H.4. 0
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1.A (X-6n) Segment relative angular displacemnt tint history 0

output 0

Card H.6 FORMAT (16, 2213/ (19. 2113) )

Sam description as for Card 1.5 except for relative angular I

dimplacemnts.

H.7 (X-7) Joint parameter tim history output

Card H.7 FORMAT (1216/ (112, 1018))

NSO(K) The number of selected Joints for which
tim histories are desired. Insert a
blank card if none are desired (maximumi
20).

N*O(J,K).Ju1,KSG The Joint numbers as determined by index
where XSGSNSG(K) J on Cards B.3. If 130(1 ) 11, use a

second card leaving the first field of 6
column blank. If N80(1 - 11, a second
card, completely blank. should follow
this card.

H-5 Rev IVAO

115



H.8 (K-89) Wind fore* time history Output%
(Pot*: These 1.8 Cards are new as of Version 111.2. What %
was previously the 1.8 Card (the card for the BIC, HS1 and %
CSI calculations is now Card HAD1. Previous input decks %
will require a blank card at this point in the input dock %
to be compatible with ATE Version 111.2 input requirements. %

Card 1.8 FORMAT (10, 2213/ (19, 2113)) %

180(K The number of selected segments for which %
the wind force tabular tie histories are %
desired. Insert a blank card if none are %
desired (maximum a 20). %

(KRSF(J,K), KSO pairs of numbers. The first number %
MG(J,K),J-lKSG of a pair (KE) in the reference segment %

where KSG-ISG(K) number of the coordinate system the wind %
forces are to be given in. The second %
number of a pair (MSG) is the segment %
whose wind forces are to be given. If %
KRUF is zero or blank, the default will %
be ground. UGO is the segment number an %
determined by index I on Cards B.2. If %
130(X ) 11, use a second card leaving %
the first field of 6 columns blank. If %
130(K - 11, a second card, completely %
blank, should follow this card. %
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H.9 (K=9) Joint forces and torques time history output %
(Mote: These H.9 Cards are new as of Version 111.2. Any Z
previous input decks will require a blank card at this %
point in the input deck to be compatible with ATB 111.2 %
input requirements.) The joint forces are the forces %
required (at the joint location) to keep the joined %
segments from separating. The joint torques are the %
torques required to meet any angular constraint of the %
Joint (e.g. for a pin Joint only one axis of rotation is %
permitted) plus any torques transferred across the Joint. %
The Joint torques applied by the joint functions are a %
function of the relative position and relative velocity of %
the two Joint coordinate systems. A detailed break out of %
the joint function torques is provided by the Cards H.7. %
Mote: As of ATB 111.4 the sign on the torques is reversed %
to be of the same sense as the forces. %

Card H.9 FORMAT (8, 2213/ (19, 2113)) %

NSG(K) The number of selected Joints for which %
time histories are desired. Insert a %
blank card if none are desired (maximum = %
20). %

(KREF(J,K), KSG pairs of numbers. The first number %
MSG(J,K),J=I,KSG of a pair (KRF) is the reference segment Z
where KSG=NSG(K) number the joint forces and torques are %

to be given in. The second number of a %
pair (MSG) is the Joint whose forces and %
torques are to be given. If KREF is zero %
or blank the default will be the vehicle. %
MSG is the Joint number as determined by %
index J on Cards B.3. If ISG(K) ) 11, %
use a second card leaving the first field %
of 6 columns blank. If NSG(K) 11, a %
second card, completely blank, should %
follow this card. %
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H1.10 Total body property tim history output%
(Mote: Theme H.10 Cards are new as of Version 111.2. Any %
previous input decks will require a blank card at this %
point in the input deck to be compatible with ATB 111.2 %
input requiremeonts.) %

Card H.lO.a FORMAT (18) %

NCO The number of bodies (collection of %
segnionts) for which tim histories are %
desired (mi u 5). Each tim history %
will contain the center of miass, the %
total linear and angular momentum, and %
kinetic energy of the set of specified %
segmeonts. If zero or blank, no Cards %
H.10.b are required. %

Cards H.10.b FORMAT (2413) %
(MOO cards) %

MOOR (J The segniont number of the megment to %
which the center-of-mas is referenced. %

MOON(J The number of segments in the Jth set of %
segments (body) for whirh a tabular tim %
history of body properties (maximum %
22) in specified. %

MOS(,J),1-1,MOOI The segment numbers of the MOON segments %
that are to be included in the Jth net of %
gmenints (body). %
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H.11 (Subroutine POSTP) - BIC, HSI and CSI calculations.
This card is required whenever Subroutine POSTPR is called
as determined by the value of NPRT(4) on Card A.5 (all
values except 0 and 4). This H.11 card we previously
called the 1.8 card. The number of time points that can be
processed to compute the HIC, HSI and CSI values muet be I

greater than or equal to 25 and lese than or equal to 1000. I
If the number of time points is less than 25, the
calculation(s) will be skipped and a warning message
printed. Theme calculations can be performed only if I

NPRT(30) ) 0 and (W/NPIT(30))IDTINSTSPS ( 1000 (it can not 0
be = 1000 because of time step 0), or PRT(30) • 0 and the *
the number of successful integration steps is ( 1000. If 0
NPRT(30) r 0, the data is written every successful
integration step and the total number of points can not be
determined beforehand. A quick way to determine the number I
of successful integration steps for a run is to look at the I
table produced by Subroutine ILTIMI at the end of each run. I
The number of times Subroutine OUTPUT is called is equal to I
the the number of successful integration steps when I

NPRT(26) - 0, 1 or 4 and 1PRT(4) ) 0, i.e. output unit No. I

8 (Subroutine POSTP) is used. Recall that NPRT(30) is the I

frequency the injury data is to be written to the injury i
data array (a multiple of DT). DT is the time step for I

which data can be printed out and STErs is the total I
number of integration steps the program is to make for a
specific run.

If the injury functions are to be computed during a I

postprocessing run (PRBT(4) -1 or -3), these calculations I
can only be made for data for specific time points that are I
on the TAPE 8 file saved from a previous integration run. I
This means that there is no capability to use data at time I

points requested by the logic of ISTIPS, PRT(30) and DT of
a postprocessing run when data ware not written at these
specific time points by the previous integration run, i.e.
there is no capability to interpolate between data points
from the integration run. Therefore, care must be taken to 1
select DT, ISTIPS and 3117(30) such that only data that are
at the time points that were written on TAPE 8 or som I
integer multiple of these time points are used in the I
computation of the injury functions.
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Card .ii FORMAT (1814)

JDTPTS(1) The index J on Cards B.1 corresponding to
the head center-of-mass whose resultant
acceleration tim history will be used to
compute the head injury criteria (HIC)
and head severity index (HSI). The
computations will not be don* if
JDTPTS(1) - 0 or blank.

JDTPTS(2) The index J on cards H.1 corresponding to
the point whose resultant acceleration
time history will be used to compute the
chest severity index (CSI). The
computations will not be done if
JDTPTS(2) = 0 or blank.
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I. Subroutine POSTPR

If MPRT(4) on Card A.5 is an even integer, Cards I are not
required. (See note in Subroutine SLPLOT regarding program !
changes that may be necessary on plotting facilities that do
not use a Calcomp graphics library.) i

These cards essentially specify all of the arguments to
Subroutine SLPLOT and the indices of the data in the tabular
time histories to be plotted. The ability exists to plot any
set of variables in the time histories as a function of any
other variable on a fixed (specified by the user input) x-y
axis. Both axes maj be either linear or logarithmic. Any
data falling outside of the specified range of each axis will
be ignored. The input also specifies the x and y axis labels
and two lines of plot identification that lies below the x
axis label.

The number of time points for any variable that can be I
written to the data array for plotting is limited to 1000. 0
Therefore, the plotting option can be used only if BPRT(30) > 0
0 and (I/NPRT(30))#DT#ISTIPS, ( 1000 (it can not be a 1000 0
because of time step 0 ) or NPRT(30) z 0 and the the number 0
of successful integration steps is ( 1000. If IPRT(30) - 0, 0
the data is written every successful integration step and the I
total number of points can not be determined beforehand. A I
quick way to determine the number of successful integration I
steps for a run is to look at the table produced by !
Subroutine ILTIM at the end of each run. The number of I
times Subroutine OUTPUT is called is equal to the the number !

of successful integration steps when PRT(26) a 0, 1 or 4 and
PRT(4) ) 0, i.e. output unit go. 8 (Subroutine POSTPR) is I

used. Recall that EPRT(30) is the frequency the plotting I
data are to be written to the plot data arrays (a multiple of I
DT). DT is the time step for which data are to be printed
out and NSTEPS is the total number of integration steps the
program is to make for a specific run.

If the plots are to be made during a postprocessing run
(BPRT(4) a -1 or -3). plots can only be made from data for I
specific time points that are on the TAPE 8 file saved from a
previous integration run. This means that there is no
capability to plot data at time points requested by the logic
of ISTIPS, NPRT(30) and DT of a pootprocessing run when data I
were not written at these specific time points by the
previous integration run, i.e. there is no capability to
interpolate between data points from the integration run.
Therefore, care must be taken to select DT, ISTIPS and
NPRT(30) such that data are plotted at the time points that I
were written on TAPE 8 or some integer multiple of these I
time points.
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Card 1.1 FORMAT (1814)

NFLT The number of plote to be generated
(maxw20. (IF NPLT ) 17. use two cards.)

N'P(K),Kz1,NPLT The number of y variables to be plotted
vs. the saw x variable for each of the
NFLT plots. NPLT + sum of UT? Is limited
to 25. Note: The plotting algorithm
assume each of the EVF(X y variables
bas the Sam x value. Therefore, unless
the x axis in the time axis, where each y
value does have the samw x value for each
plotting point, the plots will most
likely be incorrect.

A met of Cards 1.2-1.8 is required for each of the NFLT plots.

Card 1.2 FORMAT (1814)

MXI(K),M12(K The page No. (lX) and column No. (M12)
from the tabulated time histories of the
x (horizontal) variable for the Kth plot.
These page Noe. start with 21 so *XI )
20. 12 a 0 refoerm to time (mmcc), the
leftmost column. U12 can be supplied as
a negative integer to indicate that the yI
value for time zero will be subtracted
from all y values for plotting purposes.

MYI(J,X).MY2(J,X) The page No. (UTI) and column No. (MT2)
for J=1IITFP(K) for the 111(K y (vertical) variables to

be plotted vs. the x variable specified
by MKI and M12 for the Kth plot.
Definition of each MYl, MY2 same as for
MI. M12 above.

1-2 Rev IV.O

122



Card 1.3 FORMAT (14, 41, 48.0)

NIC() The number of intervals or plotting
dearements along the x (horizontal) axis
for the Kth plot. There will be II(K)+l
tic marks and numepl annotations, the
first will be for 10(K) and the last for
11(K). If 1F(K) is positive, the scale
will be linear, and if negative, the
scale will be logazrithuia.

10(K) The value of the origin of the x axis for
the Kth plot.

11(K) The value of the end of the x axis for
the Xth plot. For NICK) positive, 1(K)
should equal 1O(1) + 1I(0)'DI, wbere DI
is a reasonable plot dearement. If 1(K)
is negative, both DO(K) and 11(1) should
be powers of ten, where:

11(K) * I0(K)ulOeelII(K)I.

IL(K) The length (plotting inches) of the x
axis for the Kth plot. IL(K) should be
at least one inch less than 8(K).

XSW() The paper sise (plotting inches) in the x
direction for the Kth plot. The plot
will be centered within this dimension.

Card 1.4 FORMAT (14, 41, 478.0)

NY(K),YO(K),YN(K), Same definitions as for the corresponding
YL(K) and TU(K) item on Card 1.3.X but for the y

(vertical) axis for the Kth plot. Note
that each of the WP(K) variables will be
plotted on the sami scale.
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Card 1.5 FORMWT (14. 4U. 15A4)

IXLAB(K) The number of characters in the label of

the x axis for the Kth plot (max=80, may
be zero).

XLAB(K) The alphanumeric information to be used
as the label of the x axis for the Kth
plot. Data should be left adjusted am
input since program will center the
IILAB(K) characters beneath the x axis.

Card 1.6 FORMAT (14, 41, 15A4)

IYLAB(K), Same definition as for Card I.5.K but for
YLAB(K) the label of the y axis for the Kth plot.

Card 1.7 FORMAT (14, 41, 15*4)

NPLBI(K) The number of characters in the upper of
two lines of plot identification for the
Kth plot (max a 80. may be zero).

PLBI(K) The alphanumeric information to be used
in the upper line of the plot
identification for the Kth plot. Data
should be left adjusted as input since
the program will center the IPLBI(K)
characters beneath the x axis label.

Card 1.8 FORMAT (14, 41, 15A4)

NPLB2(K), Same definition as for Card I.7.K but for
PLB2(K) the lower line of the plot

identification.

Not*: The 15A4 term in the format for Cards 1.5-1.8 is to be
used on computers where a single precision word is equivalent
to four alphanumeric characters. This term is the format for
Subroutine POSTPR and should be set to 10*6 or GA10 for those
computers whose single precision word size is equivalent to 6
or 10 characters. This is necessary to insure that a contiguous
string of characters is stored in the computer memory, as
required by Subroutine SYMBOL.
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5.0 NUMBERED STOPS WITHIN THE ATB COMPUTER PROGRAM

There are many program stops within the ATB program to signal both input

and run-time errors. Some of the stops have an accompanying message

printed in the main output file, others do not. All are numbered and

described below to help the user determine the cause of the program

termination. For stops associated with the input routines, the actual

input error is probably caused by missing or erroneous data of previous

input records. The user is advised to check the output produced by the

input routines (on logical unit 6) to determine at what point within the

input file the error may have occurred.

The following is a list of all stops within the ATB-IV Model program.

the subroutine involved, the input card number (where applicable), the

reason for the stop and possible corrective action.

1. Main Program: Indicates the normal program stop. All activity

requested by the user has been completed.

2. Subroutine RSTART: Indicates an improper variable name, index

or type was supplied when the restart option was selected (IRSIN #0) on

Card A.2. Refer to the message written to output unit 6 that indicates

which A.2 input variable was at fault.

3. Subroutine BINPUT: Indicates an error in defining a flexible

element on cards B.3. There must be at least two joints with a negative

JNT per flexible element, one connecting the interior segment to the

reference segment and the second connecting the interior segment to the

terminal segment.

4. Subroutine BINPUT: Indicates that the value of NFX. the total

number of flexible element interior segments specified on card B.7. does

not agree with the value of NFLX. the total number of interior segments

computed from the number of joints with a negative NJT and connectivity

of the segments. JNT(J). supplied on input cards B.3. Refer to output

unit 6 for the values of NFX and NFLX.
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5. Subroutine BINPUT: Indicates that the segment number defined by

KNT(J) on card B.7 to be an interior segment of a flexible element was

not flagged as an interior segment based on the data supplied by JNT(J)

on input cards B.3. Check the configuration of the body as specified by

the value of JNT(J) and its sign to ensure that segments are to be

connected in the desired manner and the flexible element(s) are properly

defined. Refer to the message written to output unit 6 for segment at

fault.

6. Subroutine VINPUT: Indicates that an improper value has been

supplied for MSEG on card C.2. Allowable values are: zero or blank (to

represent the primary vehicle); less than or equal to NS& (to indicate

prescribed motion for one of the specified segments); or a value one

greater than the value of MSBG supplied on a previous C.2 card (to

indicate a new vehicle).

7. Subroutine VINPUT: Indicates that the number of sets of C cards

is greater than the maximum allowed (currently 6) or that the total

number of segments defined by the program (including the airbags. if

any, and the ground) is greater than the maximum allowed (currently 30).

8. Not used.

9. Not used.

10. Subroutine SINPUT: Indicates that the plane identification

index (j) is in error on card D.2. They must be supplied as consecutive

integers. Refer to the message written to output unit 6 for the plane

at fault.

11. Subroutine KINPUT: Indicates that the function number on card

E.6 is less than 1 or greater than the maximum allowed (currently 50).

12. Subroutine KINPUT: Indicates that the function number on card

E.7 is less than 1 or greater than the maximum allowed (currently 50).

126



13. Subroutine KINPUT: Indicates that an inconsistent value was

supplied for THETAO. on card E.7.

14. Subroutine FINPUT: Indicates that the supplied value for NJ

(the first number on the line printed on unit 6) does not correspond to

the index j supplied on input cards F.1. F.2. F.3 or F.4.

15. Subroutine FDINIT: Indicates that a function number used on

cards F.1. F.2. F.3. F.4 or F.8 has not been defined on input cards E.

16. Subroutine FDINIT: Indicates that the size of the generated TAB

array exceeds 4500 or the size of the NTAB array exceeds 1250. These

arrays are generated by the functions defined on input cards E and the

functions applied on input cards F.

17. Subroutine FINPUT: Indicates that a function number on cards

F.5 has not been defined on input cards E.7.

18. Not used.

19. Not used.

20. Subroutine FINPUT: Indicates that the air bag numbers k on

cards F.6 have not been supplied in numeric order.

21. Subroutine FINPUT: Indicates that the value of JJ on card F.7.b

does not correspond to the index J of the nonzero elements read in on

input card F.7.a.

22. Subroutine PLELP: Indicates that the edge-effect option is

being used with a hyperellipsoid with unequal powers. on cards F.I.

23. Subroutine SGS&: The segment-segment contact is being used

with a hyperellipsoid with unequal powers. on cards F.3.
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24. Subroutine INITAL: Indicates an input error for IYPR(4.J) on

cards G.3. The supplied value is greater than J and less than or equal

to NSE).

25. Subroutine INITAL: Indicates an input error for IYPR(4,J) on

cards G.3. The supplied value is negative and does not correspond to

NJT(J-1).

26. Subroutine BQUILB: Indicates a problem with input card G.4. G.5

or G.6. The card number and contents in question are printed on logical

unit 6.

27. Subroutine EXUILB: Indicates that the iteration for the listed

variable did not converge within the specified range, on input cards

G.5.

28. Subroutine PLELP: Indicates that the roll-slide constraint is

being used with a hyperellipsoid on cards F.1.

29. Subroutine SBGSBG: Indicates that the roll-slide constraint is

being used with a hyperellipsoid. on cards F.3.

30. Not used.

31. Subroutine DINT: Indicates that a negative square root has been

detected in Subroutine PDAUX with the time step size of H-HMIN. This is

usually an indication that extreme angular motion occurred. Unless

there are other obvious errors, causing the extreme angular motion, it

might be remedied by tightening the angular convergance tests specified

by input cards B.6 or by decreasing the value for HMIN on input card

A.3.

32. Subroutine AIRBG3: Indicates a logical error in the program.

33. Subroutine IMPULS: Indicates that there were improper arguments

to Subroutine IMPULS indicating a program logic error.
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34. Subroutine DAUX: Indicates that the value for NJ2 exceeded the

array size for RHS and IJK. meaning the size of the system to be solved

is too big for the current array dimensions.

35. Subroutine FSMS(L: Indicates that the maximum dimension of 600

for the C array has been exceeded, meaning the size of the system to be

solved is too big for the current array dimensions.

36. Function FNTERP: Indicates that improper arguments were passed

to the FNTERP function as indicated by the error code as follows:

1 - PHI less than - 180 deg

2 - PHI greater than 180 deg

3 - THETA less than zero deg

4 - THETA greater than 180 deg

37. Subroutine OUTPUT: Indicates that NPRT(4) on input card A.5 was

less than or equal to -4 or greater than +4.

38. Subroutine SBSB: Indicates that an interior contact is being

attempted with a hyperellipsoid, on cards F.3.

39. Subroutine HYLIM: Indicates a computational error in the

hyperellipsoid routines.

40. Subroutine HEDING: Indicates that NPRT(4) on input card A.5 was

less than or equal to -4 or greater than +4.

41. Subroutine DSMSOL: Indicates that the matrix supplied to

Subroutine DSMSOL (by Subroutine IMPLS2. SBSEG. EDEPTH or INTERS) was

singular.

42. Subroutine HBPLAY: Indicates that there was an error in program

logic while determining the points that are in play for harness-belt

system.
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43. Subroutine ROTATE: Indicates that the listed plane number har

been assigned to more than one segment. The error can be eliminated by

defining multiple identical planes on input Cards D.2 and using

different planes assignments on input Cards F.1.

44. Subroutine ROTATE: Indicates that the listed hyperellipsoid

number has been assigned to more than one segment on input Cards F.l.

The error can be eliminated by defining multiple identical (hyper)

ellipsoids on input Cards D.5.

45. Subroutine ROTATE: Same as STOP 44 except that the duplicate

assignment was detected on input Cards F.2. Note: Although the

duplicate assignment was detected on the indicated input card, the

original assignment may have been made on input Cards F.l. F.2, F.3,

F.6. F.7 or F.8.

46. Subroutine ROTATE Same as STOP 44 except that the duplicate

assignment was detected for a first segment on input Cards F.3. Note:

Although the duplicate assignment was detected on the indicated input

card, the original assignment may have been made on input Cards F.1,

F.2. F.3. F.6, F.7 or F.8.

47. Subroutine ROTATE: Same as STOP 44 except that the duplicate

assignment was detected for a second segment on input Cards F.3. Note:

Although the duplicate assignment was detected on the indicated input

card, the original assignment may have been made on input Cards F.1.

F.2. F.3. F.6. F.7 or F.8.

48. Subroutine ROTATE: Same as STOP 44 except that the duplicate

assignment was detected on input card F.7. Note: Although the

duplicate assignment was detected on the indicated input card, the

original assignment may have been made on input Cards F.1. F.2, F.3.

F.6, F.7 or F.8.

49. Not used.
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50. Subroutine ROTATE: Same as STOP 44 except that the duplicate

assignment was detected on input Cards F.6. Note: Although the

duplicate assignment was detected on the indicated input card, the

criginal assignment may have been made on input Cards F.I. F.2, F.3.

F.6. F.7 or F.8.

51. Subroutine ROTATE: Same as STOP 44 except that the duplicate

assignment was detected on input Cards F.8. Note: Although the

duplicate assignment was detected on the indicated input card, the

original assignment may have been made on input Cards F.1, F.2. F.3,

F.6, F.7 or F.8.

52. Subroutine POSTPR: Indicates that the number of points to be

plotted or used to compute the HIC, CSI or HSI number has exceeded the

maximum number of points allowed (currently 1000 including time point

0).

53. Subroutine POSTPR: The total number of plot axes has exceeded

the maximum (currently 25) and the abscissa is not time.

54. Subroutine POSPR: Indicates that the total number of plot axcq

has exceeded the maximum (currently 25) and the abscissa is time.

55. Subroutine OUTPUT: Indicates that the reference segment

specified for a tabular time history on the H cards does not exist.

56. Subroutine OUTPUT: Indicates that the number of required

tabular time histories exceeded the maximum (currently 65). To reduce

the number of tabular tim histories, select an appropriate value fot

NPRT(18) on Card A.5 to eliminate some of the tabular time histories

that are automatically outputted and/or reduce the number of tabular

time histories requested by the H cards.

57. Subroutine CONTACT: Indicates that the number of plane/segment

ccittactL exceeded the maximum (currently 70). The total number of

plane/segment contacts is equal to the sum of the elements of the
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MNPL(J) array as specified by Card F.l.a. This sum represent, the total

number of plane/segment contacts specified for all contact planes.

58. Subroutine HBFLT: Indicates that the total number of belts

exceeded the maximum (currently 20). The total number of belts consists

of the total number of simple belts, NBLT on Card D.1 (maximum currently

8) plus the total number of harness belts, NbLTPH(I) on Card F'.8.a

(maximum currently 20).

59. Subroutine CONTACT: Indicates that the number of

segment-segment contacts on Cards F.3 exceeded the maximum (currently

40).

60. Subroutine HINPUT: Indicates that a preferred direction was not

supplied for either an anchor point or a tie-point, on cards F.8.

61. Subroutine HINPUT: Indicates that the specified harness point

is either a tie-point or an anchor point but it is allowed to be

perturbed along the belt line, i.e. the belt slips instead of the

reference point being moved, on Cards F.8.

62. Subroutine HINPUT: Indicates that the reference point is to

slide along the belt line and normal to it. but a preferred directioi;

was supplied, on Cards F. 8.

63. Subroutine SINPUT: Indicates that the reference number for the

contact (kiyper)ellipsoid supplied by Card D.5 was greater than the

maximum number of contact (hyper)ellipsoids allowed (currently 40).

64. Subroutine SINPUT: Indicates that the reference number for the

contact (hyper)ellipsoid supplied by Card D.5 has been assigned to an

airbag.

65. Subroutine SINPUT: Indicates that the specified number of

contact planes on Cards D.1 exceeds the maximum (currently 30).
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66. Subroutine SINPUT: Indicates that the number of specified belts

on Card D.1 exceeds the maximum (currently 8).

67. Subroutine SINPUT: Indicates that the number of specified air

bags on Card D.1 exceeds the maximum (currently 5).

68. Subroutine SINPUT: Indicates that the number of

(hyperit llipoids zupplied by Cards D.5 exceeded the maximum total

number of contact (hyper)ellipsoids (currently 40). Note that this

maximum is attainable only if some of the D.5 cards pertain to the

contact (hyper)ellipsoids automatically assigned to the segments and

given the same number as the segment number. The total number of

contact (hyper)ellipsoids. consists of the contact ellipsoids

automatically assigned to each segment on the B.2 cards plus any

additional ones specified by the D.5 cards.

69. Subroutine SINPUT: Indicates that the number of specified

constraints on Card D.1 exceeded the maximum (currently 12). Note that

Type 5 constraints (tension elements) are considered as two constraints

when computing the total number of constraints.

70. Subroutine SINPUT: Indicates that the number of specified

spring dampers on Card D.1 exceeded the maximum (currently 20).

71. Subroutine SINPUT: Indicates that the number of specified

harnesses on Card D.1 exceeded the maximum (currently 5).

72. Subroutine SINPUT: Indicates that the number of specified wind

force functions on Card D.1 exceeded the maximum (currently 50 if no

other force functions are used). If used in conjunction with any other

previously defined force function, the total number of force functions

and wind force functions cannot exceed the maximum (currently 50).

73. Subroutine SINPUT: Indicates that the number of specified joint

functions exceeded on Card D.1 the maximum (currently 50 if no other

force functions are used). If used in conjunction with other preceeding
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force functions, the total number of force functions including the joint

function cannot exceed the maximum (currently 50).

74. Subroutine SINPUT: Indicates that the number of specified

force/torque functions on Card D.1 exceeded the maximum (currently 5).

75. Subroutine AIRBG1: Indicates that the total number of segments

in the program exceeded the maximum (currently 30). The total number of

segments consists of the segments specified by the B.2 cards (NSEG). any

vehicle segments (as specified by the C Cards), any airbags (NBAG on

Card D.1) and the ground.

76. Subroutine AIRBG1: Indicates that more than 4 contact planes

(ellipsoids) were specified for an airbag.

77. Subroutine BINPUT: Indicates that the total number of body

segments (NSEG) exceeded the maximum on Card B.1 (currently 28). The

total number of body segments must be at most 2 less than the maximum

for the total number of segments (currently 30) because there must

always be at least 1 vehicle segment and 1 ground segment. If the

maximum value for NSEG is used, there can be no airbags or secondary

vehicles.

78. Subroutine BINPUT: Indicates that the total number of joints

exceeded the maximum (currently 30). on Card B.1.

79. Subroutine VINPUT: Indicates that the total number of points

for the unidirectional input (option 2) exceeded the maximum (currently

99), on Cards C.

80. Subroutine VINPUT: Indicates that the total number of points

for the 6 degree-of-freedom deceleration input (option 3) exceeded the

maximum (currently 501). on Cards C.
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81. Subroutine VINPUT: Indicates the total number of actual time

points for the spline fit input (option 4) exceeded the maximum

(currently 501), on Cards C.

82. Subroutine VINPUT: Indicates that type 1 spline input data were

specified but the order of the curve fit was specified to be less than

2, on Cards C.

83. Subroutine VINPUT: Indicates that type 2 spline input data were

specified but the order of the curve fit was specified to be less than

1, on Cards C.

84. Subroutine OUTPUT: Indicates that the total number of tabular

time histories on Card H.1, H.2 or H.3 has exceeded the maximum

(currently 20).

85. Subroutine OUTPUT: Indicates that the total number of tabular

time histories on Card H.4. H.5. H.6. H.7 or H.8 has exceeded the

maximum (currently 20).

86. Subroutine OUTPUT: Indicates that the number of bodies

specified on Card H.10 for which the center-of-mass and related

quantities are to be output as tabular time histories has exceeded the

maximum (currently 5).

87. Subroutine OUTPUT: Indicates that the number of segments to be

included in a body on Cards H.10 has exceeded the maximum (currently

22).

88. Subroutine BMW I: Indicates that the location of the A anchor

point of the simple belt (BELT(1.2.3;J). Card D.3.b) was in the interior

of the contact ellipsoid to which the simple belt is attached. To avoid

this situation, reposition the A anchor point such that the anticipated

motion of the contact ellipsoid to which the simple belt is attached

will not cause it to come near the location of the A anchor point.

Refer to the message written on output unit 6 for the belt at fault.
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89. Subroutine BEL7G: Indicates that the location of the B anchor

point of the simple belt (BELT(4.5.6;J), Card D.3.b) was in the interior

of the contact ellipsoid to which the simple belt is attached. To avoid

this situation, reposition the B anchor point such that the anticipated

motion of the contact ellipsoid to which the simple belt is attached

will not cause it to come near the location of the B anchor point.

Refer to the message written on output unit 6 for the belt at fault.

90. Not used.

91. Subroutine POSTPR: Indicates that the head injury criteria was

requested on Card H.11 with improper values of NPRT(26) and NPRT(30), on

Card A.5.

92. Subroutine POSTPR: Indicates that the chest severity index was

requested on Card H.11 with improper values of NPRT(26) and NPRT(30). on

Card A.5.

93. Subroutine MAINA: The value for NPRT(26) on Card A.5 is greater

than 6. Permitted values are -6 through 6.

94. Not used.

95. Not used.

96. Subroutine SINPUT: Indicates that improper values were supplied

for segments assigned to be symmetric, on Card D.7.

97. Subroutine SINPUT: Indicates that a segment number supplied for

symmetry option on Card D.7 exceeds the number of segments.

98. Not used.

99. Subroutine BINPUT: Indicates that the number of flexible

elements exceeds the maximum (currently 8).
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100. Subroutine BINPUT: Indicates that the HF array for a flexible

element was improperly prescribed, on card B.7.

101. Subroutine BINPUT: Indicates that the value for IDYPR is

greater than 3. on Card B.3.
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6.0 LOGICAL UNITS ASSOCIATED WITH TEE ATB MODEL

Execution of the ATB program requires the use of several FORTRAN

input/output files. Except for the primary input and output files

(FORTRAN unit Nos. 5 and 6). the use of each I/O file is controlled by

input parameters contained within the program input file. It is

therefore necessary that the job control stream for a ATB computer run

contain those control statements required by the host computer's

operating system to access those I/O files that the run may use.

The ATB program, like most FORTRAN programs, requires files to provide

for input and output. However, because of the complexity of the ATB

model and the potential for huge amounts of output from a single

simulation, the ATB program was written so that not all possible files

are written out for each run. This tailoring of the number of files to

be written for each simulation has been somewhat confusing because some

aspects of it are explicit (the user sets a flag for the type and

frequency of the desired output) and others are implicit (indirectly

determined by the type and number of force deflection interactions.

etc).

A logical unit is the device or file from which or to which input or

output from a FORTRAN program is to be sent. The READ and WRITE

statements of FORTRAN are in the form READ (x.y) where x is the logical

unit number and y is the statement number of a FORMAT statement (for

formatted types of I/O). This way of dealing with input and output is

handy because when the program is compiled it is not required to send

output to any specific file, it only sends it to a logical unit. The

tile that is assigned to that unit can be different each time the

program is run, facilitating the use of different input files and

correspondingly different output files. It is the job of the operating

system (either explicitly by job control statements or implicitly with

default file names) to put (create and then assign) files at the

addresses of the logical units required for a program every time the

program is loaded (taken from disk memory and placed in the computer's

memory) and executed (run).
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The ATB model has an open-ended number of required logical units which

depends on the amount of output requested by parameters in the input

file. All computer operating systems, on the other hand, do not have an

open-ended number of permitted logical units that can be associated with

individual programs (and for that matter all programs being run at a

particular time). The actual limit to the number of logical units a

particular program can have is a function of the system specification

where the user is running the ATB model. Factors that can affect this

limit could be the computer type, type of operating system, sysgen

parameters for the particular operating system, amount of system space.

parameters set when the program was linked, parameters set when the

program was compiled, number of jobs in the system when the ATB job is

running and their logical unit requirements. size of the disk directory,

amount of free disk space and others. If the user experiences problems

with the number of logical units and the number of available logical

units cannot be increased, the user will have to reduce the number of

logical units required for the particular run, usually by changing

parameters associated with the tabular time histories.

Table 2 summarizes all of the FORTRAN logical units that may be used by

the ATB program.
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TABLE- 2
6tua. -of- A-?B - f'oTsm I/0 Files

LOGICAL GENERATING CONTROLL ING
UNIT TYPE* DESCRIPTION SUBROUTINE PARAMETERS

1 U Program VIEW Input UNIT1 NRPT(1) on Card A.5
2 F Printer plots PRIPLT NRPT(5.6.7)on Card A.5
3 U Restart output RSTART IRSOUT on Card A.1.a
4 U Restart input RSTART IRSIN on Card A.l.a
5 F Primary input several always required
6 F Primary output several always required
8 U Time histories OUTPUT NPRT(4) on Card A.5

10 U CALCOMP plots POSTPR NPRT(4) on Card A.5
21+ F Time Histories OUTPUT NPRT(4) on Card A.5

* Type is F for formatted. U for unformatted file.

6.1 VIEW OUTPUT (Unit 1)

Logical unit No. 1 is an unformatted (binary) output file designed to be

used as input to the VIEW program (Ref. 6). the program that creates the

graphics frequently associated with the A7B model. It is generated by

Subroutine UNIT1 of the ATB program.

The generation of this output file is controlled by the value of NPRT(1)

that is supplied on input Card A.5. A blank or zero value for NPRT(1)

will suppress the generation of output file No. 1. whereas a non-zero

positive value will produce data records on output file No. 1 that are

equally spaced at every m*DT seconds of simulation time starting at 0

time, where m is the integer value of NPRT(1) and DT is defined on input

Card A.4.

The first record on output file No. 1 contains fixed initialization data

describing the plane and contact ellipsoids, and succeeding records

contain the values of time and the c.g. linear coordinates in inertial

reference and the direction cosine matrix for each of the body segments.

On those computer systems that use double precision computations within

the ATB program, the data output on UNIT1 are converted to single

precision prior to output.
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6.2 PRINTER PLOT OUTPUT (Unit 2)

Logical unit No. 2 is a formatted output file to be printed as optional

program output. It contains printer plots generated by Subroutine

PRIPLT depicting Y-Z, X-Z and X-Y plane views of the body segments.

joints, belts, harness-belts and airbags. Their generation is

controlled by the values of NPRT(5. 6 and 7) supplied on input Card A.5

for the Y-Z. X-Z and X-Y plane views, respectively. If any value is

zero or blank, the corresponding view will not be generated; if nonzero,

the corresponding view will be generated every m*DT seconds, where m is

the positive nonzero value of the NPRT indicator and DT is defined on

input Card A.4.

These printer plots have also been called "stickman plots". Each view

gives the location in the primary vehicle reference coordinate system of

the following points:

1. The c.g. position of each body segment using the plot

symbols defined by WGS(I) for I = I to NSEG as supplied on input Cards

B.2.

2. Each joint position using the plot symbols defined by JS(J)

for J = 1 to NJNT as supplied on input Cards B.3.

NOTE: It has been found to be much easier to visualize the

printer plots by supplying values for OGS and JS variables

for each of the "standard" 15 segments as depicted in Table 3.
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TABLE- 3

Suggested Printer Plot Symbol s

segment or joint H -HP - N -NP -UT - W -CT - P -LT
CGS or JS 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9

segment or j oint RH -RUL-RK -RLL-RA -RF
OGS or JS A- B - C- D - E - F

segment or j oint LH -LUL-LK -LLL-LA -LF
OGS or JS I - J - K - L - M - N

segment or joint RS -RUA-RE -RLA
CGS or JS P - Q - R - S

segment or joint LS -LUA-LE -LLA
CGS or JS W - X - Y - Z

3. The anchor points, tangent points and fixed point for each belt

using the plot symbol".".

4. Each point in play for the harness-belt systems using the plot

symbol ". ".

5. The center and semiaxes endpoints for each airbag using the

plot symbols "0" for the center. "-" for the endpoints of the Z axis and

"I" for the endpoints of the X and Y axes.

6. The origin of the vehicle reference coordinate system using the

plot symbol "1*". This origin (in X. Y. and Z plot coordinates) is

specified by the values of ZPLT on input Card G.1.a. all plotted points

are translated with respect to this origin, and those plot coordinates

falling outside of the plotting area (1 to 120 for the plot Z axis, and

I to 60 for the plot X and Y axes) are ignored.

The printed output pages produced from FORTRAN output No. 2

consist of 60 lines of 120 characters each. In general, the first or

top line represents the plot Z axis and the first column or the left

side edge, running from top to bottom, represents the plot X axis. If
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the view contains the plot Y axis, it is used in place of the unused X

or Z axis. By rotating the printed pages 90 degrees in a

counter-clockwise direction, the printed page becomes more familiarly

orientated, i.e.. negative Z up and positive X to the right from the

lower left corner. The first character of each line is filled with the

symbol "-" that serves as tick marks along the positive plot X axis.

The distance between each of these tick marks is one length unit (UNITL

on input Card A.3.) Distances or lengths in the plot Z direction are

the same and are established by the supplied values of SPLT on input

Card G.1.b. to accomodate printers that differ from default values of 10

horiz; ntal characters and 6 lines per inch.

6.3 RESTART INPUT AND OUTPUT (Units 3 and 4)

The AIB program has a built-in optional restart procedure that is

versatile and independent of the computer and operating system being

used. This option allows a simulation to be made as a base run, then

program parameters can be changed and the simulation continued, as a

restart run.

To use the restart procedure, the following steps must be

followed:

1) Any computer simulation run (including a restart run itself)

may be a base run by defining the restart output unit IRSOUT = 3

on card A.I.A.

2) To restart the base run, define the restart input unit as

IRSIN = 4 and the restart time (RSTIME) on card A.I.A. and

redefine the data and run description on cards A.l.A-A.I.C.

3) Program parameters are modified on cards A.2 which permit the

user to change any variables in the program labeled common blocks.

No further input is required for the restart run.
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4) For the restart run, the program is loaded into the computet

ab normal. However, the user must properly assign the restart

input and output units.

To use the restart procedure, the user should be aware of the following

procedures, considerations and restrictions.

1) The procedure consists of two subroutines (RSTART and SEARCH

called by the main program) written entirely in FORTRAN IV and is

therefore completely independent of the computer and operating

system being used.

2) The restart procedure is completely optional. Its use is

controlled by three additional input parameters on the first input

card in such a manner that blank or zero values deactivate the

procedure. This permits its optional use without disturbing the

organization of current input decks.

3) Any computer simulation can be made a base run by setting

IRSOUT = 3 on card A.l.A. This defines the restart output unit as

3 and requires that the logical unit 3 be assigned to a file.

4) During execution of the base run, an initial record is written

on the restart output unit containing all the information in the

program labeled common blocks that were defined by the input and

initialization portions of the program.

5) At equally spaced simulation time intervals (DT as specified

on card A.4), when the integration returns control to the main

program to perform optional output, time point records are written

on the restart output unit. These records contain all information

in the program's labeled common blocks that are time dependent

and/or necessary to restart the program. The writing of the

restart unit in no way disturbs the normal operation of the

computer simulation.
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6) To restart, the program is reloaded in the normal mariner

(program changes since the base run are permissible if the changes

did not affect the format and contents of the restart unit.)

Input cards A.1.A. A.I.B and A.l.C are required defining a new

date, run description, the restart input unit number (IRSIN, a

value of 4 is suggested) and the restart time (RSTIME, an integral

multiple of DT). IRSOUT may be defined, if desired, to generate

an additional restart output unit. Again make sure the proper

control statements are included for units IRSIN and IRSOUT.

7) The program reads the initial input record from the restart

input unit described in step 4. The program then bypasses the

remainder of the input and initialization steps. One set of A.2

cards are then processed to modify any of the input or

initialization data from the base run that is to apply to the new

run. If the new value of IRSOUT is non-zero, step 4 is repeated

for the new restart output unit with the input modifications, if

any.

8) The program then advances the computer simulation time in DT

increments by reading the restart input unit records, instead of

calling the integrating routine DINT, up to and including the

restart time RSTIME. After each step, the main program performs

any optional output that is required including writing the time

point record onto the new restart output unit, if required. In

addition, the restart procedure calls Subroutine OUTPUT at each DT

time increment to write a line of output on all the time history

output units, thereby producing abbreviated time histories pricr

to the resumption of normal operation.

9) Immediately preceeding the resumption of normal operation at

the restart time RSTIME, the second set of A.2 input cards is read

allowing the user to change any variable in the labeled common

blocks to be used by the program during the succeeding normal

operation of the program.
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10) All variable modifications are made through the use of the

input cards A.2. Two sets (each terminated by a blank card) are

processed, the first after the input record is read from the

restart input time, and the second just prior to resumption of

normal operation of the program. Through the use of these cards,

the user has the capability of changing any variable in the

program labeled common blocks. The program merely makes the

changes indicated by the user and no attempt is made to check the

validity or consistency of the modifications. Variables that are

useful to change include:

1. NSTEPS. DT, to control the length of the run.

2. Elements of NPRT array, to control optional output.

3. HMIN.HMAX.NDNT.SGTEST, to control the integrator.

4. Variables that define the position and characteristics

of the planes and other contact devices.

Some variable modifications should not be made including:

1. Modifications that would cause abrupt discontinuities in

the integration procedure.

2. Geometrical dimensions of the body segments and joints

used to compute segment positions by the QiAIN procedure.

3. Controls of contacts, constraints that are currently

active.

4. Control of force deflection characteristic functions

that are currently loading or reloading.

In general, the user should carefully evaluate the potential effects of

restart modifications before prescribing them.

6.4 STANDARD INPUT (Unit 5)

The standard input file for the ATB program is logical unit No. 5. It

contains all the required input for a standard ATB simulation and is

described in detail in Section 4.0.
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6.5 PRIMARY OUTPUT (Unit 6)

The primary output file for the ATB program is logical unit Nc. 6. It

contains the following items:

1. A labelled echo of the ATB program input data.

2. Subroutine PRINT produces tables of segment linear and angular

position information, joint forces and torques, the sum of all external

forces and torques acting on each segment, and constraint forces data.

These data are generated by the main program at fixed time intervals of

m*DT seconds, where m is the value of NPRT(3) supplied on input Card A.5

and DT on input Card A.4, and by other subroutines for diagnostic

purposes. In general, these tables are not as useful as the tabular

time histories (to be discussed later), and their generation may be

completely suppressed by setting NPRT(3) equal to zero on input Catd

A.5.

3. Tables of the computer elapsed CPU time used by selected

subroutines and the number of calls to these subroutines are generated

by Subroutine ELTIME. They are printed at fixed time intervals as

specified by DT on input Card A.4 at a frequency specifie by NPRT(2).

When NPRT(2) is zero the table is generated only once at the successful

completion of a run of the ATB program.

4. Diagnostic type output is produced at every call to various

subroutines as controlled by the values supplied for NPRT(8) to (28) on

input Card A.5. This output is intended for diagnostic or checkout

purposes only, and, if used indiscriminately, can produce voluminous

amounts of output. This output is not always completely annotated and

the user should refer to the listing of the subroutine involvec for a

description of the variables printed.

5. Short descriptions of changes in some of the conditions of a

ATB run are produced as they occur. They include:

148



a. Failures of the convergence tests for the program

integrator that cause the integration step to decrease in

size. The time, step size, segment and test involved, and

the final convergence test parameters are printed. NOTE:

These messages are normal and do not indicate an error in

the simulation. A stop will occur if the integration step

becomes too small.

b. Changes in the lock conditions of joints as detected by

changes in the values of IPIN or IEULER for the various

joints. The time, previous and new values of the indicator,

and the identification number of nomenclature of the joint

involved are printed.

c. Changes in the set of contact points in play for the

harness-belt systems are indicated by listing the time, the

set of points and the distance between them at e'ch time a

point is added to or deleted from the set of points.

6. A page containing values of the head injury criterion (HIC),

head and chest severity indices (HSI and CSI) and related information is

produced under the following conditions:

a. The tabular time histories are produced on output file

no. 8 (see below) by supplying a nonzero value for NPRT(4)

on input Card A.5.

b. Accelerations for the head and chest are generated on

the tabular time histories as specified on input Cards H.I.

c. Either JDTPTS(1) or (2) is nonzero as specified on input

Card H.11.

7. The tabular time histories may be generated on the primary

output file as described in the next section.
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b.6 TABULAR TIME HISTORIES (Units 6 and 8. or 21, 22, 23,...)

The tabular time histories are perhaps the most useful output of the ATh

program. Their generation, contents, frequency of output and the manner

by which they are generated are completely controlled by program input

parameters.

6.6.1 Control of Types of Tabular Time History Pages

The tabular time histories are generated by Subroutine OUTPUT. The

type and format of data produced is controlled by program input as

follows:

6.6.1.1 Optional Pages Controlled By Input Cards H.1 to H.10.

The output of the optional time histories is controlled by Caras H.1 to

H.10.

a. Output of the components and resultant of linear

accelerations for points on segments is specified by input

Cards H.1. These tables are printed out with three time

histories per page.

b. Output of the components and resultant of linear

velocities for points on segments is specified by input

Cards H.2. These tables are printed out with three time

histories per page.

c. Output of the components and resultant of linear

positions for points on segments is specified by input Cards

H.3. These tables are printed out with three time histories

per page.
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d. Output of the components and resultant of angular

acceleration for segments is specified by input Cards H.4.

These tables are printed out with three time histories per

page.

e. Output of the components and resultant of angular

velocities for segments is specified by input Cards H.5.

These tables are printed out with three time histories per

page.

f. Output of the components (yaw, pitch and roll) and

resultant of angular rotations for segments is specified by

input Cards H.6. These tables are printed out with three

time histories per page.

g. Output of the lock condition, angles and resistive

torques for joints is specified by input Cards R.7. These

tables are printed out with two time histories per page.

h. Output of the components and resultant of the wind

forces on segments is specified by input Card H.8. These

tables printed out with three time histories per page.

i. Output of the components of the forces and torques

transferred across the joints is specified by input Card

H.9. These tables are printed out with one time history per

page.

j. Output of the center of gravity location, linear and

angular momentum, and kinetic energy of sets of segment,,

(bodies) is specified by input Card H.10. These tables are

printed out with one time history per page.

6.6.1.2 Results of Forces Generated For Allowed Contacts.

The output of these time histories is controlled by NPRT(18) on input

Card A.5.
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a. Output of contact forces data for the allowed contacts

between planes and segments is specified by input Cards F.J.

These tables contain two plane - segment contact time

histories per page.

b. Output of strain and anchor point forces for each

allowed contact between belts and segments is specified by

input Cards F.2. These tables contain two belt - segment

contact time histories per page.

c. Output of strain and endpoint forces for all belt

sections of the harness belt systems from the points

specified as endpoints is specified by input Cards F.b.d.

These tables contain two belt section time histories per

page.

d. Output of the results of spring damper fcrces is

specified by input Cards D.8. These tables contaix, two

spring damper time histories per page.

e. Output of contact forces data for the allowed contacts

between segments is specified by input Cards F.3. These

tables contain one segment - segment contact time history

per page.

f. Output of the airbag parameters and contact forces for

the allowed contacts between airbags and segments it;

specified by input Cards F.6. These tables contain four

airbag - segment contact time histories per page.
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6.6.2 Methods of Generating the Tabular Time Histories

The ATB program contains two methods that may be used to generate the

tabular time histories. These are controlled by the value supplied ior

N 'RT(4) on input Card A.5.

6.6.2.1 Multiple Secondary Output Files (Units 21, 22,

23....). The first method (NPRT(4) = 0, 1 or 4) causes Subroutines

OUTPUT and HEDING to produce the tabular time histories on multiple

secondary output files, commencing with logical unit No. 21 and tsing up

to 65 consecutive unit numbers as required by the program input, with

each new page type (as described in the previous section) assigned to

the next higher logical unit number. This method requires control

statements be included in the ATB program input stream to assign and

print these multiple secondary output files as required by the host

computer system. The maximum number of these multiple secondary files

can be increased by changing the Stop in subroutine OUTPUT.

The first page generated in the sequence described above will be

essigned to logical unit No. 21 and identified as page 21.01. As new

page types are required, they will be assigned to logical unit Nos. 22,

23. etc. with the first printed page on each unit identified as page

22.01, 23.01, etc. The heading on each printed page contains this page

icentification in the upper right corner. followed by lines containing

the date (DATE frow input Card A.l.a). run description (COMENT from

input Cards A.1.b and c). the vehicle deceleration (VPSTTL from input

Card C.1). crash victim identification (BDYTTL from input Card B.), and

a completely annotated description of the tabular columns contained on

each page.

The first column of each line on every file contains the value of TIME

(wsec). Each individual page on each file contains 45 lines of tabular

data. Each page is numbered with a unique identification of the fort.

NT. XX where NT is the logical unit number and .XX is a decimal nunvht

commencing with .01 and incremented by .01 for subsequent pages of each

tile. Each page contains the complete heading inforwition described in
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the previous paragraph. Therefore, the pages from the different NT

files and with the same .XX identifier, contain the tabular time hibtur}

data for the same time points.

The frequency of the printed lines of output on each file or page of the

tabular time histories is controlled by the supplied value of NPRT(26)

on input Card A.5.

6.6.2.2 Post-Processing Time History Data File (Units 6 and

8). The data generated for the tabular time histories by Subroutine

OUTPUT can be transmitted to an unformatted output file (logical unit

no. 8) designed to serve as an input file for the post-processing

features available in the AIB program. The generation of this time

history output file and its use by the post-processing features is;

controlled by the value of NPRT(4) supplied cn input Card A.5 Ps

follows:

a. NPRT(4) = 0 (default): The time history file (logi8al

unit no. 8) is not created or accessed and the tabular time

histories are produced on the multiple secondary output

files as described above.

b. NPRT(4) = 1, . . .. 4: The time history file is

generated as an unformatted output file (logical unit no. S)

by Subroutine OUTPUT during the integration process portion

of the ATB program. The frequency of data stored on the

time history file is controlled by the supplied value for

NPRT(26) on input Card A.5 and is identical to the use of

NPRT(26) described above for the multiple secondary output

files. At the end of the run, the main program writes an

end-of-file on the time history file, rewinds it, and then

calls Subroutine POSTPR. which now uses the time history

file as an input file to perform the required

pobt-proceissing operations. Note that Subroutine P01,TPF i-s

not called for NPRT(4) = 4, this value operatec essentially

the same as for NPRT(4) = 0 except that a time history file
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(logical unit no. 8) is generated for possible use by

subsequent ATB runs.

c. NPRT(4) = -1. -2, or -3: The time history file that was

generated during a previous run is used as an input file lor

the post-processing operations (Subroutine POSTPR) of the

current ATB run. In this case. the main program processes

input Cards A.1 to A.5. bypasses the other input routines

(input Cards B.1 to H.10) and integration process, and

transfers to the end of the main program to call Subroutine

POSTPR to perform the post-processing operations. usin& the

time history file (logical unit no. 8) from a previous run.

d. NPRT(4) = plus or minus 2 or 3: The tabular time

histories will be produced on the primary output file

(logical unit no.6) by Subroutines POSTPR and HEDING from

the time history input file (logical unit no. 8) duriTg the

pest-processing operations performed at the end of a ATB

run. The tabular time histories produced by this method

will be identical to those described for the multiple

secondary output files above. except for the following

conditions:

(1) The output will be produced from single precision

words rather than from double precision words except

on those computer (CDC or Cyber) systems that do not

require double precision computations for the ATB

program. This means that any exponential formats will

print with an E rather than with a D format.
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(2) The individual pages will be ordered by time and

not by file numbers, i.e., the page number sequence

here will be 21.01, 22.01, 23.01, ...; 21.02, 22.02,

23.02. ...; 21.03. 22.03. 23.03, ...etc.. rather than

the sequence 21.01, 21.02, 21.03 ...; 22.01. 22.02.

22.03, ...; 23.01. 23.02, 23.03. ...etc. that is

produced from the multiple secondary output files.

(3) The use of NPRT(26) = 2 to control the frequency

of the printed lines will not be operational unlesL it

was also used to generate the time history file

(logical unit no. 8).

e. NPRT(4) = plus or minus 1 or 3: Calcomp plots of data

from the tabular time histories will be generated during the

post-processing operations performed by Subroutine POSTPR at

the end of an ATB run. These are discussed in more detail

in the following section.

6.7 CALCOMP PLOT OUTPUT (Unit 10)

One of the post-processing operations available in the ATB program is

the capability to generate Calcomp plots from the data contained on the

time history file (logical unit ro. 8). The generation of these plots

is controlled by supplying an odd value (plus or minus 1 or 3) for

NPRT(4) on input card A.5; a positive value indicates the plotv will be

generated during the same run that computed the time history data, while

a negative value indicates the plots will be generated from the timE

history file of a previous run; a magnitudc of one indicates that only

the plots will be generated while a magnitude of three indicates that

the printed tabular time histories will also be generated on the primary

output file (logical unit no. 6). Although Table 2 lists logical utit

no. 10 as the Calcomp plot output file, the actual file assignment, the

control statements required in the ATB program job control stream and

the procedurev for the actual generation of the Calcomp plots from tk.

Calcomp plot output file are a function of the host computer systex.
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The CalcomP plotEs are completely general in nature, with the generil

format, page and plot size, and the variables to be plotted supplied es

program input. The capability is available to plot, as a function of

any variable, any other variables that are listed in the tabular tire

histories from the data stored on the time history file (logical unit

no. 8). The complete specifications for each plot are supplied on input

Cards I.1 to 1.8. following input Card H.11. of the ATB program input

file. Seven input cards are required for each plot to specify:

1. The number of plots to be generated.

2. The number of dependent (Y) variables to be pletted against

the same independent (X) variable on each plot.

3. The page number and column number (from the printed tabular

time histories) for each of the dependent (Y) variables and the

independent (X) variable for each plot.

4. For both the horizontal (X) and vertical (Y) axes of each

plo-;

a. the number of intervals or decrements along the axis.

b. an indicator to specify a linear or logarithmic axis.

c. the values at the origin and end of the axis,

d. the length of the axis and of the paper or page size in

the direction of the axis, and

e. the number of characters and the alphanumeric

information for the label of each axis.
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5. The number of characters and the alphanumeric information for

each of two lines of a plot label to appear below the X axis

label.

For a complete description of the required input parameters for

the Calcomp plots, the user should refer to the input description

foi input Cards I.1 to 1.8 contained in Section 4.0. In additiou

to plotting any variables from the tabular time historie; abiill: t

time, examples of otber types of plots that have been generated

include X-Z plots of the head C.G. positions and plots of force

vs. deflection (or strain) that depict the actual loading and

unloading characteristics that were experienced. Since it is

possible to specify the size and scaling for each axis, plots may

be generated for comparison with available experimeiital data.

The frequency of the data points for plotting i6 controlled by

NPRT(30) on Card A.5. This frequency cannot be greater than the

data stored in output Unit 8 as specified by NPRT(26).
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APPENDIX A

SLED TEST EXAMPLE

7tkis example ATh input and output is from a typical sled test

simulation. It contains a 15 segmxent body restrained with a harness

belt. A hyperellipsoid is used to represent the dash.
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2 SEPT 1988 0 0 0.0 CARD AIA
EXAMPLE 1: BASIC SLED TEST SIMULATION
TWO BELT HARNESS WITH HYPERELLIPSOID FOR DASH BOARD
IN. LB.SEC. 0.0 0.0 386.088 0.0 CARD A3
4 40 0.002 0.0005 0.001.0000625 CARD A4

1 040 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ICARD A5
15 14 95TH PERCENTILE MALE CARD BI

LT 134.7721.62801.01011.7954 5.168 7.436 3.778 0.000 0.000-0.072 0 CARD B2A
CT 213.0990.41800.23010.5857 4.809 6.673 4.145 0.000 0.000-0.011 0 CARD B2A
UT 353.6733.45252.78322.3509 5.220 6.908 7.314 0.000 0.000-0.872 0 CARD B2A
N 4 3.2890.02780.02780.0216 2.520 2.520 3.158 0.000 0.000 0.000 0 CARD B2A
H 511.9270.27080.30850.1584 3.984 3.125 5.836 0.000 0.000 0.000 0 CARD B2A
RUL 622.7252.01302.01300.2578 3.308 3.30812.852 0.000 0.000 0.000 0 CARD B2A
RLL 7 9.7630.49890.49890.0626 2.487 2.487 9.616 0.000 0.000 0.000 0 CARD B2A
RF 8 2.0790.04280.04120.0055 2.886 2.016 5.817 0.000 0.000 1.482 0 CARD B2A
LUL 922.7252.01302.01300.2576 3.308 3.30812.652 0.000 0.000 0.000 0 CARD B2A
LLL A 9.7630.49890.49890.0626 2.487 2.487 9.618 0.000 0.000 0.000 0 CARD B2A
LF B 2.0790.04260.04120.0055 2.886 2.016 5.617 0.000 0.000 1.462 0 CARD B2A
RUA C 5.5420.17430.17430.0259 2.122 2.122 7.497 0.000 0.000 0.000 0 CARD B2A
RLA D 5.9010.33310.33310.0214 1.871 1.87110.269 0.000 0.000 0.000 0 CARD B2A
LUA E 5.5420.17430.17430.0259 2.122 2.122 7.497 0.000 0.000 0.000 0 CARD B2A
LLA F 5.9010.33310.33310.0214 1.871 1.87110.269 0.000 0.000 0.000 0 CARD B2A
P M 1 0 0.00 0.00 -3.85 0.00 0.00 1.61 CARD B3A

0.00 0.00 0.00 0.00 5.00 0.00
W 1 2 0 0.00 0.00 -1.64 0.00 0.00 6.44 CARD B3A

0.00 0.00 0.00 0.00 5.00 0.00
NP 0 3 0 0.00 0.00 -8.19 0.00 0.00 0.84 CARD B3A

0.00 0.00 0.00 0.00 10.00 0.00
HP P 4 0 0.00 0.00 -0.64 0.00 0.00 5.84 CARD B3A

0.00 0.00 0.00 0.00 10.00 0.00
RH Q 1 0 0.00 3.42 -0.31 0.00 0.00 -8.64 CARD B3A

0.00 0.00 0.00 0.00-45.00 0.00
RK R 6 1 0.00 0.00 10.00 0.00 0.00 -6.97 CARD B3A

0.00 0.00 0.00 0.00 60.00 0.00
RA S 7 0 0.00 0.00 8.12 2.87 0.00 -2.66 CARD 83A

0.00 90.00 0.00 0.00 10.00 0.00
LH T 1 0 0.00 -3.42 -0.31 0.00 0.00 -8.64 CARD B3A

0.00 0.00 0.00 0.00-45.00 0.00
LK U 9 1 0.00 0.00 10.00 0.00 0.00 -8.97 CARD B3A

0.00 0.00 0.00 0.00 60.00 0.00
LA V 10 0 0.00 0.00 8.12 2.87 0.00 -2.66 CARD B3A

0.00 90.00 0.00 0.00 10.00 0.00
RS W 3 0 0.00 6.24 -5.22 0.00 0.00 -5.37 CARD B3A

0.00 0.00 0.00 0.00 -4.10 0.00
RE X 12 1 0.00 0.00 5.42 0.00 0.00 -8.20 CARD B3A

0.00 0.00 0.00 0.00-70.00 0.00
LS Y 3 0 0.00 -6.24 -5.22 0.00 0.00 -5.37 CARD B3A

0.00 0.00 0.00 0.00 -4.10 0.00
LE Z 14 1 0.00 0.00 5.42 0.00 0.00 -8.20 CARD B3A

0.00 0.00 0.00 0.00-70.00 0.00
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.000 10.00 .00 0.70 20.000 .000 10.00 .00 0.70 5.000CARW B4

.000 10.00 .00 0.70 20.000 .000 10.00 .00 0.70 35.OOOCARD B4

.000 5.00 .00 0.70 25.000 .000 10.00 .00 0.70 35.00 CARD B4

.000 5.00 .00 0.70 25.000 .000 10.00 .00 0.70 35.00 CARD B4

.000 10.00 .00 0.70 70.000 .000 .800 .00 0.70 40.00 CARD B4

.000 1.80 .00 0.70 60.000 .000 .000 .00 .00 .00 CARD B4

.000 7.00 .00 0.70 35.000 .000 10.00 .00 0.70 26.00 CARD B4

.000 10.00 .00 0.70 70.000 .000 .800 .00 0.70 40.OOOCARD B4

.000 1.80 .00 0.70 60.000 .000 .000 .00 .00 .00 CARD B4

.000 7.00 .00 0.70 35.000 .000 10.00 .00 0.70 26.00 CARD B4

.000 10.00 .00 0.70 122.500 .000 10.00 .00 0.70 85.00 CARD B4

.000 1.80 .00 0.70 70.000 .000 .00 .00 .00 .00 CARD B4

.000 10.00 .00 0.70 122.500 .000 10.00 .00 0.70 85.00 CARD B4

.000 1.80 .00 0.70 70.000 .000 .00 .00 .00 .00 CARD B4

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

0.1 0.0 30.0 0.0 0.0 0.0 0.0 CARD B5

.01 .01 .01 .01 .01 .01 .10 .10 .10 .10 .10 .O1CARD B8

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B6

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD 96

,01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B6

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOC RD B6

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B6

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD BO

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD BO

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B6

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD BO

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCARD B

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .OOCkRD B6

.01 .01 .01 .00 .00 .00 .10 .10 .10 .00 .00 .00CARD B8

SLED ACCELERATION - 200 PEAK
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15 0.0 0.010 OCARD C2A

0.0 5.0 10.0 15.0 20.0 15.0 10.0 5.0 0.0 0.0 0.0 0.OCARD C3

0.0 0.0 0.0 CARD C3

12 0 0 3 0 0 1 0 0 0 CARD DI
I SEAT. 8 DEGREE OFF HORIZONTAL. CARD D2A

10.0 8.0 -10.0 CARD D2B
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28.01 8.0 -11.89 CARD D2C
10.0 -8.0 -10.0 CARD D2D2 BACK PANEL. 13 DEGREE OFF VERTICAL. CARD D2A
1.0 9.0 -48.97 CARD D2B

10.0 9.0 -10.0 CARD D2C
1.0 -9.0 -48.97 CARD D2D3 FLOOR. CARD D2A
0.0 12.0 -1.3 CARD D2B

80.0 12.0 -1.3 CARD D2C
0.0 -12.0 -1.3 CARD D2D

4 HEAD PAD. 13 DEGR CARD D2A
2.48 7.5 -47.26 CARD D2B
4.96 7.5 -36.55 CARD D2C
2.48 -7.5 -47.26 CARD D2D

5 SEAT FRONT PANEL. CARD D2A
28.01 8.0 -11.89 CARD D2B
26.66 8.0 -4.40 CARD D2C
28.01 -8.0 -11.89 CARD D2D

6 BACK PANEL2. 13 DEGREE OFF VERTICAL. CARD D2A
1.0 9.0 -48.97 CARD D2B

10.0 9.0 -10.0 CARD D2C
1.0 -9.0 -48.97 CARD D2D

7 FIREWALL. CARD D2A
60.0 12.0 -25.0 CARD D2B
60.0 -12.0 -25.0 CARD D2C
60.0 12.0 -0.75 CARD D2D

8 RIGHT SIDE SEAT/IN. CARD D2A
8.41 8.1 -8.66 CARD D2B
8.70 8.1 -14.73 CARD D2C

30.58 8.1 -6.64 CARD D2D
9 LEFT SIDE SEAT/IN. CARD D2A

8.41 -8.1 -6.66 CARD D2B
30.58 -8.1 -8.64 CARD D2C
8.70 -8.1 -14.73 CARD D2D

10 RUDDER PEDALS. CARD D2A
49.992 9.0 -2.239222 CARD D2b
52.992 9.0 -4.7565222 CARD D2C
49.992 -9.0 -2.239222 CARD D2D

i1 LEFT SIDE PANEL. CARD D2A
1.0 -9.0 -48.97 CARD D2B10.9 -9.0 -6.10 CARD D2C

-7.77 -9.0 -46.95 CARD D2D
12 RIGHT SIDE PANEL. CARD D2A

1.0 9.0 -48.97 CARD D2B
-7.77 9.0 -46.95 CARD D2C
10.9 9.0 -6.10 CARD D2D

22 4.5 3.0 3.0 0.0 4.0 -3.5 0.0 0.0 0.0 CARD D5
23 3.2 8.0 8.0 0.0 0.0 -7.0 0.0 0.0 0.0 CARD D5
24 8.0 15.0 5.0 38.0 0.0 -28.0 0.0 0.0 0.0 20. 20. 20.CARD D5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CARD D7
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3 SIOMINT-SEGMINT FCI. CARD 1
0.0 -5.0 0.0 0.0 1.0 CARD E2

8 CARD E4A
0.0 0.0 1.0 470.0 2.0 890.OCARD E4B
3.0 1220.0 4.0 1470.0 5.0 1580.0CARD E4B

6 CONSTANT, F-0.0 CARD 1
0.0 0.0 0.0 0.0 0.0 CARD E2

7 R FACTOR. CARD El
0.0 0.0 0.7 0.0 0.0 CARD E2

13 STIFF SURFACES CARD El
0.0 -4.0 0.0 0.0 1.0 CARD 12

8 CARD E4A
0.0 0.0 0.1 5.0 0.2 20.OCARD E4B
0.3 40.0 0.4 60.0 1.0 880.OCARD 14B
2.0 2400.0 3.0 4000.0 CARD E4B

14 FRICTION FUNC. CARD El
0.0 0.0 0.5 0.0 1.0 CARD 12

19 CF=.25,CREST=.25 CARD 1
0.0 0.0 0.25 0.0 0.0 CARD E2

20 DAMPING COEFF. C=900 CARD El
0.0 1.00 0.0 0.0 1.0 CARD E2
0.0 900.0 0.0 0.0 0.0 0.OCARD E3

21 RATE OF DEFLEC. CARD 1
-40.0 -150.00 0.0 0.0 1.0 CARD E2

21 CARD E4A
-40.0 0.000 -30.0 0.000 -20.0 0.OOOCARD E4B
-10.0 0.000 0.0 0.000 5.0 1.00OCARD E4B
10.0 1.000 20.0 0.990 30.0 0.085CARD E4B
40.0 0.928 50.0 0.860 60.0 0.09OCARD E4B
70.0 0.475 80.0 0.340 90.0 0.280CARD E4B
100.0 0.200 110.0 0.180 120.0 0.09OCARD E4B
130.0 0.060 140.0 0.025 150.0 0.000CARD E4B

22 DAMPING COEFF. C=35 CARD E1
0.0 1.00 0.0 0.0 1.0 CARD E2
0.0 35.0 0.0 0.0 0.0 0.0CARD E3

24 DAMPING COEFF. C=0.8 CARD El
-1000.0 -1000.0 0.0 0.0 1.0 CARD 12
4 CARD E4A
-1000.0 0.6 -1.0 0.6 0.0 1.OCARD 14B
1000.0 1.0 CARD E4B

25 DAMPING COEFF C=1100 CARD El
0.0 1.00 0.0 0.0 1.0 CARD E2
0.0 1100.0 0.0 0.0 0.0 0.OCARD E3

26 STIFF SURFACES-LL CARD E1
0.0 -4.0 0.0 0.0 1.0 CARD E2

8 CARD E4A
0.0 0.0 0.1 5.0 0.2 20.OCARD E4B
0.3 40.0 0.4 60.0 2.0 860.OCARD E4B
3.0 2400.0 4.0 4000.0 CARD E4B

31 HARNESS FDF CARD El
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0.0 -4.0 0.0 0.0 0.0 0.OCARD E2
8 CARD E4A

0.0 0.0 0.01 150.0 0.02 300.OCkRD E4B
0.03 450.0 0.05 850.0 0.10 3500.OCARD 14B
1.00 35000.0 4.00 140000.0 CARD E4B

32 HARNESS FRICTION CARD El
0.0 0.0 0.2 0.0 0.2 CARD E2

34 HARNESS FRICTION CARD El
0.0 0.0 0.9 0.0 0.2 CARD E2

9999 CARD El
3 3 2 1 0 0 0 0 0 2 0 0 CARD FIA
1 16 1 1 13 -20 -21 0 14 1 CARD FIB
1 16 6 6 13 -25 -21 0 14 1 CARD FIB
1 16 9 9 13 -25 -21 0 14 1 CARD FIB
2 16 1 1 13 -20 -21 0 14 1 CARD FIB
2 16 2 2 13 -20 -21 0 14 1 CARD FIB
2 18 3 3 13 -20 -21 0 14 1 CARD FIB
3 16 8 8 13 -22 -21 0 14 -1 CARD FIB
3 18 11 11 13 -22 -21 0 14 -1 CARD FIB
4 18 5 5 13 -22 -21 0 14 1 CARD FIB

10 16 8 8 13 -22 -21 0 14 1 CARD FIB
10 16 11 11 13 -22 -21 0 14 1 CARD FIB
0 2 0 0 0 1 0 0 1 0 0 0 1 0 1 CARD F3A
2 2 13 13 3 0 7 0 19 CARD F3B
2 2 15 15 3 0 7 0 19 CARD F3B
6 6 13 13 3 0 7 0 19 CARD F3B
9 9 15 15 3 0 7 0 19 CARD F3B

13 13 16 24 13 -22 -21 0 14 CARD F3B
15 15 16 24 13 -22 -21 0 14 CARD F3B
0 0 0 0 0 0 0 0 0 0 0 0 0 0 CARD F4A
2 CARD F8A

12 15 CARD F8B
31 0 0 0 0 0.0 CARD FSC
16 0 1 1 0 0 0 0 0 13.000 8.0 -10.300CRD FSD1

2.4 22.0 -0.3CRD F8D2
I 1 0 1 0 0 0 0 34 -1.178 7.075 -0.781CRD F8DI

CRD F8D2
1 1 0 1 0 0 0 0 34 -0.029 6.796 -1.534CRD F8DI

CRD F8D2
1 1 0 1 0 0 0 0 34 0.910 5.778 -2.283CRD FSDI

CRD F8D2
I 1 0 1 0 0 0 0 34 2.228 2.355 -3.192CRD F8DI

CRD F8D2
1 23 0 1 0 0 0 0 0 2.957 0.00 3.059CRD F8DI

CRD F8D2
1 1 0 1 0 0 0 0 34 3.07 -.08 -4.41CRD F8DI

CRD F8D2
1 1 0 1 0 0 0 0 34 1.785 -2.325 -3.343CRD FBDI

CRD F8D2
I 1 0 1 0 0 0 0 34 0.011 -5.145 -2.728CRD F8DI
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CED F8D2
1 1 0 1 0 0 0 0 34 -0.880 -5.789 -2.282CRD F8D1

CRD F8D2
I 1 0 1 0 0 0 0 34 -2.460 -6.099 -1.200CRD F8DI

CRD F8D2
16 0 1 1 0 0 0 0 0 13.000 -8.0 -10.300CRD F8DI

2.4 22.0 -0.3CRD FSD2
31 0 0 0 0 0.0 CARD F8C
16 0 1 1 0 0 0 0 0 13.000 -8.0 -10.300CRD F8D1

0.7 17.5 -21.3CRD F8D2
I 1 0 1 0 0 0 0 32 -2.445 -8.101 -1.213CRD F8DI

CRD F8D2
1 1 0 1 0 0 0 0 32 -0.96 -6.0 -2.50CRD F8DI

CID F8D2
1 23 0 1 0 0 0 0 0 0.00 -5.7 3.80CRD FSDI

CRD FSD2
1 1 0 1 0 0 0 0 32 0.01 -4.0 -4.50CRD F8DI

CRD F8D2
2 2 0 1 0 0 0 0 32 1.818 -5.439 -1.820CRD FSDI

CRD F8D2
2 2 0 1 0 0 0 0 32 2.50 -2.5 -1.50CRD F8DI

CRD F8D2
3 3 0 1 0 0 0 0 32 3.00 -1.5 6.50CRD FSDI

CRD F8D2
3 3 0 1 0 0 0 0 32 4.487 -0.133 3.734CRD FBDI

CRD FBD2
3 3 0 1 0 0 0 0 32 4.421 3.319 -1.662CRD F8D1

CRD F8D2
3 3 0 1 0 0 0 0 32 0.879 4.202 -5.672CRD F8DI

CRD F8D2
3 22 0 0 0 0 0 0 32 0.30 0.2 -2.80CRD F8DI

CRD F8D2
3 3 0 1 0 0 0 0 32 -1.00 4.3 -6.OOCRD F8DI

CRD F8D2
3 3 0 1 0 0 0 0 32 -2.50 4.3 -4.OOCRD FDI

CRD F8D2
16 0 1 1 0 0 0 0 0 0.000 5.00 -35.200CRD F8DI

0.7 17.5 -21.3CRD F8D2
0.0 0.0 0.0 0 0 0 0 0 CARD GIA

14.3810 0.0 -13.7500 0.0 0.0 0.0 CARD 02
0.0 12.90 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 12.95 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A
0.0 13.28 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 13.46 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 13.46 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 92.900 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 48.650 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 128.80 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 92.900 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 48.650 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
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0.0 128.80 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A

0.0 24.50 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 85.00 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A

0.0 24.50 0.0 0.0 0.0 0.0 3 2 1 OCARD 03A
0.0 85.00 0.0 0.0 0.0 0.0 3 2 1 OCARD G3A

3 3 0.0 0.0 0.0 CARD HIA
1 -5 0.0 0.0 0.0 CARD HIB

18 5 0.0 0.0 0.0 CARD HIB
3 3 0.0 0.0 0.0 CARD 12A

5 0.0 0.0 0.0 CARD H2B

3 5 0.0 0.0 0.0 CARD H2B
3 3 0.0 0.0 0.0 CARD H3A

5 0.0 0.0 0.0 CARD H3B

3 5 0.0 0.0 0.0 CARD H3B
3 3 5 18 5 CARD H4
3 3 5 5 5 CARD H5
3 3 5 3 5 CARD H6
2 3 4 CARD H7

0 CARD H8
1 5 4 CARD H9
1 CRD HIOA

16 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 CRD HIOB

2 1 CARD HII1
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AM! ARTICULATED TOIAL SORT (IYDI NelL PAGE

MEILMED IT CALSPLE CORP.. P .0. 101 400, BUPFILO IT 14225
IND By JIJ ?ICIVOLOGIES loc.. CIELID FARE. oT 14127

lot In All FORCE AITION IROSPAC ElCIL IESEINCI
LABORATORY. IGN? PLTTISON All FORCE RISE
111013 COITIACTS F33415-71C-300,*780-0511 AIM -SOC-45117

AIM FOR If 1ATIOIA!. 11611? TRAFFIC SAll? ADIIISIATICU,
U.S. DEPAITEIT Of !RANITLANiCI. ODER CONTRACTS
FE-II* 7592. IS-053-2-485, IS-1-01300 AID I5S-SIIIO1.

PI063*1 DOCIRENTATION: WSJ5 31101? los. DOT-IS-S01-507
1110008 510 IFOINEILT CILSM PA RT 3 10I. 25S--
AVAILABLE FDON IllS IICCESSICU DOS. 11-1411192.3.1 AID 51.
APPIDIUS A-J TO TIM LUC0! AILBLEL VION CLLSPAII,
AND 31PO3? JOS. JOL-TS-75-14 IllS I0. £D0O4 516).
AFI]EL-TDI-0-4 FTIlS ft. 0D4018 0291, AID
LFIMIL-71-83-073 MIlS 10. *0-1079 1811.

PROGIAU LD- Iv, litCate of in A&NILiDI COICIINT
3250 COVDTII, URIGUT-PLTTIsoI LI. 0110

25SIFT IMS 13313. 0 133037' 0 ISTIS 0.0000 CARDS A

HAI 1: IASIC SLED TEST SIUOLAIIOI
7WN BELT R*31155 VITS ITPIDELLIPSOID FOR DASI BOARD

g11% 1 1. 911171 - Lt. UIT sSEC. GRAVITY VICTORI '1 0.0000. 0.0000. 380.08801 0 300.0US0

MITl - I ISTIPS 1 40 D? -0.002000 30 20.000500 Box! S000@@ oil .. H03

IT I31*?
1 2 3 4 S 6 7 S 9 101It12 13 1( M IS 1718 1920 21 22 32425 2627 2829 3031 32 333435 36
I 0 40 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01
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CR8iH VICTIM 9571 PlICKIILI MLI 15 SIGEITS 14 JOIMTS FIGE 2
CARD 8.31

PIIVCIPIL WlTS OF IVETIi S[GEST 0IT6t ELLIPSOID CABDS 1.2
SGNEST IT ( LI.-SC.e'2- 11.) SENJIS I If. . CSTEIR 1 11. PIINCIPIL AXES (I103
I SY PLOT I L8.) I 1 2 1 1 2 1 y z YA1 PITCH lOLL

I LY I 34.772 1.0260 1.0101 1.7054 5.160 7.436 3.778 0.000 0.000 -0.072 0.00 0.00 0.00
2 CT 2 13.099 0.4160 0.2301 0.5657 4.6W 6.673 4.145 0.000 0.000 -0.011 0.00 0.00 9.00
3 V? 3 53.673 3.4525 2.7832 2.3500 5.220 6.006 7.311 0.000 0.000 -0.872 0.00 0.00 0.00
4 l 4 3.280 0.0278 0.0278 0.0216 2.520 2.520 3.156 0.000 0.000 0.000 0.00 0.00 0,00
5 a 5 11.927 0.2708 0.3065 0.1584 3.964 3.125 5.630 0.000 0.000 0.000 0.00 0.00 0.00
6 IUL a 22.725 2.0130 2.0130 0.2576 3.308 3.300 12.652 0.000 0.000 0.000 0.00 0.00 0.00
7 ILL 7 9.763 0.4919 0.4909 0. 06 2.417 2.487 9.616 0.000 0.000 0.000 0.00 0 00 0.00
8 IF 1 2.010 0.0426 0.0412 0.0655 2.866 2.010 5.817 0.000 0.000 1.462 0.00 0,00 0.00
9 LUL 9 22.725 2.0130 2.0130 0.2570 3.308 3.308 12.652 0.000 0.000 0.000 0.00 0.00 0.00
10 LLL 1 9.783 0.4989 0.4099 0.0626 2.487 2.487 9.616 0.000 0.000 0.000 0.00 0.00 0.00
11 LF B 2.079 0.0426 0.0412 0.0055 2.866 2.010 5.617 0.000 0.000 1.462 0.00 0.00 0.00
12 B0 C 5.542 0.1743 0.1743 6.0251 2.122 2.122 7.407 0.000 0.000 0.000 0.00 0.00 0.00
13 ILL D 5.901 0.3331 0.3331 0.0214 1.171 1.071 10.269 0.000 0.000 0.000 0.00 0.00 0.00
14 LUIA 5.542 0.1743 0.1743 0.0250 2.122 2.122 7.407 0.000 0.000 0.000 0.00 0.00 0 00
15 LLA F 5.901 0.3331 0.3331 0.0214 1.171 1.871 10.269 0.000 0.000 0.000 0.00 0.00 0.00

CARDS 8.3

JOINT LOCATIOIl II.1 - SIO(JITI LOCATIOl 11.1 - SWUIJi fill. AIISDE01 - SAQIJIT) Fill. i11S1D1G - SEIJ.II

J Syl PLOT JE? Pig I f Z 1 T 2 YAW PITCH BOLL TAV HC II ROLL

I ? U I 0 0.000 0.000 -3.050 0.000 0.000 1.610 0.06 0.00 0.00 0.00 5.00 000

2 V 1 2 0 0.000 0.000 -1.540 0.000 0.000 6.440 0.00 0.00 0.00 0.00 5.00 0.00

3 I? 0 3 0 0.000 0.000 -8.100 0.000 0.000 0.640 0.00 0.00 0.00 0.00 10.10 0.00
4 HP P 4 0 0.000 0.000 -0.640 0.000 0.000 5.840 0.00 0.00 0.00 0.00 10.00 0.00

5 II 0 I 0 0.000 3.420 -0.310 0.000 0.060 -1.60 0.00 0.00 0.00 0.00 -45.00 0.00

6 A0 l 6 1 0.000 0.600 I0.000 0.000 0.000 -0.970 0.00 0.00 0.00 0.00 60.00 0.00
7 I S 1 0 0.000 0.000 8.120 2.170 0.000 -2.060 0.00 90,00 0.00 0.00 10.00 0.00

I L8 T I 0 0.000 -3.420 -0.310 0.000 0.000 -8.640 0.00 0.00 0.00 0.00 -45.00 0.00

0 LK 0 0 1 0.000 0.000 10.000 0.0o 0.000 -6.970 0.00 0.00 0.00 0.00 60.00 0.00
10 LA V 10 0 0.000 0.000 1.120 2.70 0.000 -2.00 0.00 90.00 0.00 0.00 10.00 0.00
If Is v 3 0 0.000 6.240 -5.220 0.000 0.000 -5.370 0.00 0.00 0.00 0.00 -4.10 0.00

12 RE 1 12 1 0.000 0.000 5.420 0.000 0.000 -8.200 0.00 0.00 0.00 0.00 -70.00 0.00
13 LS Y 3 0 0.000 -6.240 -5.220 0.060 0.000 -5.370 0.00 0.00 0.00 0.00 -4.10 0.00
14 LA 2 14 1 0.000 0.000 5.420 0.000 0.000 -8.200 0.00 0.00 0.00 0.00 -70.00 0.00
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JOINT TORQUE CBARACTERISTICS PAGE 3
CARDS 1.1

FLEIURAL SPIING CRARACTENISTICS TORSIONAL SPRING CRUACTEISTICS

SPRING COEF. ( 1. LB.IPEDoJ ENERGY JOin SPRING COff. I It. 1,131)[O0J) ENEOT JOINT
JOINT LINEAR QUADRATIC CUBIC DISSIPATION STOP LINEAR QUADRATIC CUBIC DISSIPATION STOP

IJ:l) (J-21 (J-3) CO[T. IKO) (J'l) (J'l) IJ:3) CO[F. (DEG)

I P 0.000 10.000 0.000 0.700 20.000 0.000 10.00 0.000 0.700 5.000
2 If 0.000 10.000 0.000 0.700 20.000 0.000 10.000 0,000 0.700 35.000
3 1? 0.000 5.000 0.000 0.700 25.000 0.000 10.000 0.000 0.700 35.000
4 H? 0.000 5.000 0.000 0.700 25.000 0.000 10.000 0.000 0.700 35.000
5 to 0.000 10.000 0.000 0.700 70.000 0.000 0.800 0.000 0.700 40.000
* li 0.000 1.B00 0.000 0.700 00.00 0.000 0.000 0.000 0.000 0.000
7 BA 0.000 7.000 0.000 0.700 35.000 0.000 10.000 0.000 0.700 26.000
8 LI 0.000 10.000 0.000 0.700 70.000 0.000 0.00 0.000 0.700 40.000
0 LK 0.000 1.800 0.000 0.700 60,000 0.000 0.000 0,000 0.000 0.000
10 LA 0.000 7.000 0.000 0.700 35.000 0.000 10.000 0.000 0.700 20.000
II iS 0.000 10.000 0.000 0.700 121."00 0.000 10.000 0.000 0.100 05.000
12 BE 0.000 1.B00 0.000 0.700 70.000 0.000 0.000 0.000 0.000 0.000
13 LS 0.000 10.000 0.000 0.700 121.500 .000 10.000 0.000 0.700 65.000
14 LE 0.000 1.00 0.000 0.700 70,000 0.000 0.000 0.000 0.000 0.000

CARDS 6.5
JOINT VISCOUS CRABCTERISTICS AnD LOCK-UNOCI CONDITIONS

VISCOUS COUION FULL FRICTION MAT TORQUE FOR IIB TORQUE FOR Il. Ago. VELOCITY IMPULSE
JOINT COEFFICIE T FRICTION COLF. AIGULII VELOCITY A LOCKED JOinT UBLOCKII JOINT FOR UILOCKED JOinT RESTITUTION

( It. LI.SEC.IOEO) I Is. IL.1 IDGOISEC.) I IN. I..) (IN. LB.) (RAD/S[C.) COEFFICIENT

I P, 0.100 0.00 30.00 0.00 0.00 0.00 0.000
2 N 0.100 0.00 30.00 0.00 0.00 0.00 0.000
3 I 0.100 0.00 30.00 0.00 0.00 0.00 0.000
I Ip? 0.100 0.00 30.00 0.00 0.00 0.00 0.000
5 R8 0,100 0.00 30.00 0.00 0.00 0.00 0.000
- I 0.100 0.00 30.00 0.00 0.00 0.00 0.000
7 a 0.100 0.00 30.00 0.00 0.00 0.00 0.000
8 LIH 0.100 0.00 30.00 0.00 0.00 0.00 0,000
0 LK 0.100 0.00 30.00 0.00 0.00 0.00 0.000
10 LA 0.100 0.00 30.00 0.00 0.00 0.00 0.000
II RS 0.100 0.00 30.00 0.00 0.00 0.00 0.000
12 IR 0.100 0.00 30.00 0.00 0.00 0.00 0.000
13 LS 0.100 0.00 30.00 0.00 0.00 0.00 0.000
14 LE 0.100 0.00 30,00 0.00 0.00 0.00 0.000
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FAG! 4

SEGErT IrTE1GATIOI COiTED[I CE ?EST IPUT CARPS I.6

ANGOAR VELOCITIES LINIAI VELOCITIES uIgLAI ACCELERATIOIS LINEAl CCEL0MAI0NS

(IADISEC.1 I II./SEC.) IIAlSw.-12) Il.ISIC.112)

SEGMENT MAO. ADS. IEL. MAO. ADS. lEL. MAO. ADS. IEL. MAO. ASS. DEL.

MO. SYN TEST Elio 1330 TEST 1io EN30 TEST [RO [DO TEST 1IO t.030

I LY 0.010 0.010 0.0100 0.010 0.010 0.0100 0.100 0.100 0.1000 0.100 0.100 0.0100

2 C? 0.030 0.010 0.0100 0.000 0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0 0000

3 u'T 0.00 0.010 0.0100 0.000 0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0.0000

O I 0.010 0.010 o.ooo 0.000 0.000 0.0000 0.l00 0.00 0.1000 0.000 0.000 0.000

5 i 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0.0000

6 JUL 0.010 0.010 0.0100 0.000 0.000 0.0000 0.300 0.100 0.1000 0.000 0.000 0.0000

7 ILL 0.010 0.010 0.0300 0.000 0.000 0.000 0.100 0.100 0.1000 0.000 0.000 0.0000

8 IF 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0.0000

l LUL 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0.0000

30 LLL 0.030 0.010 0.0100 0.000 0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0.0000

33 LF 0,010 0.030 0.0300 0.000 0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0.0000

32 RUA 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100 0.300 0.1000 0.000 0.000 0.0000

13 ILA 0.030 0.030 0.0100 0.000 0.000 0.0000 0.300 0.300 0.1000 0.000 0.000 0.0000

3i LtA 0,010 0.010 0.0100 0.000 0.000 0.0000 0.100 0.300 0.3000 0.000 0.000 0.0000

15 LLA 0.010 0.010 0.0100 0.000 0.000 0.0000 0.100 0.100 0.1000 0.000 0.000 0.0000
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VIRICLI DICILEIIATIOI lITTS PAGE 5
CARDS C

SLED ICC[LIIIIOI - 206 P1A1

TYA PITC NOLL llPs TlTIE Il(ls 10(y) lO(Z) ITAI £0 AD? ltiG

0.000 0.00 0.000 0.000 0.000 0.000 0.000 0.000 I5 0.000000 0.010000 0

UIIDIRECTIOIAL VTHICLE POSITIOI TILES

TlIM ICC ELOCITY POSITIOI TIE ACC VELOCITY POSITIOI

(NEC) (0) ( II.ISEC.) ( II. I1EEC) (6) I II./SEC.) (I1.)

0.00000 0.00 0.0000 0.00000

10.00000 5.00 -9.6522 -0.03217

20.00000 10.00 -38.8088 -0.25739

30.00000 15.00 -s.eg8 -0.86870

40.00000 20.00 -154.4352 -2.05914

50.00000 15.00 -222.0006 -3.95740

60.00000 (0.00 -270.2616 -6.434860

70.00000 5.00 -299.2162 -9.20020

80.00000 0.00 -308.8704 -12.35482

00.00000 0.00 -306.0704 -15.01352

(00.00000 0.00 -306.6t04 -16.53222

I1I.00000 0.00 -306.8704 -21.62093

120.00000 0.00 -308.1704 -24.70063

130.00000 0.00 -308.8704 -27.79831

140.00000 0.00 -308.8704 -30.868704
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IlL I1? IIG 1IL? IQ ISP ImiSS IlDf IJKT? EFOICK FGl 0

12 0 0 3 0 0 I 0 0 0 CARD D.1

LIT IffuTs 
CARDS 0.2

PLANE 10. 1 SEAT. 8 DEGREE OFF I

POINT 1 10.0000 8.0000 -10.0000

P01INT 2 3.0100 1.0000 -11.6900

POINT 3 10.0000 -6.0000 -10.0000

Liff E0. 1 RACK PANEL. 13 PEGO

I T z

POINT 1 1.0000 9.0000 -48.9700

POINT 2 10.0000 9.0000 -10.0000

POINT 3 1.0000 -9.0000 -46.9700

PLAN! 10. 3 FLOOR.

I r 2
POINT 1 0.0000 12.0000 -1.3000

POlK? 2 00.0000 12.0000 -1.3000

POINT 3 0.0000 -12.0000 -1.3000

?LAVE NO. 1 READ Pl. 13 DEG0

I y 2

POINT I 2.4600 7.5000 -47.2800

POll? 2 4.0600 1.5000 -36.5500

POIN 3 2.4800 . -7.5000 -47.2800

PLANE 10. 5 SEA? FRONT PANEL.

I T 2

POINT I 28.0100 8.0000 -11.6900

POINT 2 28.6000 8.0000 -4.4000

POINT 5 28.0100 -6.0000 -11.8000

?LANE 30. 5 RICK PAIEL2. 13 PEON

I T Z

POINT I 1.0000 9.0000 -48.9700

P01T 2 10.0000 0.0000 -10.0000

POINT 3 1.0000 -9.0000 -48.9700

PLANE NO. 7 FIREVALL.

I T z
POINT I 60.0000 12.0000 -25.0000

POINT 2 80.0000 -12.0000 -25.0000

POINT 3 60.0000 12.0000 -0.7500
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PLANE MOPTS PAUN 7
CARDS D.2

PLANE 10. 1 1161T SIDE SE[III.

I T 2
POINT I 8.4100 8.1000 -6.E00
POINT 2 8.1000 8.1000 -14,7300

POINT a 30.5900 8.1000 -8,100

PUNE 10. 1 LIFT SIDE SEATIII.

I T Z
POINT I 8.4100 -0.1000 -0.6600

POINT 1 30.5600 -6.1000 -0.6400
PoIl? 3 8.7000 -I. 1000 -14.7300

PLANE N0. 10 RUDDE PEDALS.

I I 1

POINT I 49.0920 9.0000 -2.2302

POINT 2 52.0920 9.0000 -4.7565

POINT 3 49.9920 -9.0000 -2.2392

FLANE 1O. II LEFT SIDE PANEL.

I T z
FIllT 1.0000 -9.0000 -4.09700
POilN 2 10.9000 -9.0000 -0.1000
POINT 3 -7.7700 -9.0000 -1.9500

PLANE N0. 12 RIGHT SIDE PANEL.

I T Z

POINT I 1.0000 9.0000 -48,0700

POmT 2 -7.7700 9.0000 -4,.500
POlN 3 10.000 9.0000 -4. 1000
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ADDITIONAL ILLIPSOID IIFUT FAG[O
CADS D.5

SEIAIES I 11.) OFFSET (It.) NOTATIOI (DG) POWER

10. 1 T Z I T Z YAV FITCH BOLL

22 4.500 3.000 3.000 0.000 4.000 -3.500 0.000 0.000 0,000 0. 0. 0.

23 3.200 8.000 8.000 0.000 0.000 -7.000 0.00 0.000 0.000 0. 0. 0.

24 6.000 15.000 5.000 38.000 0.000 -28.000 0.000 0.000 0.000 20. 20. 20.

BOOT SEGWVT SOlYRT INPU? CAR D 7

SEOH10. I 2 3 4 5 8 7 8 9 10 Ii 12 13 It 15

ISTHIJ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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PAGE 0

FolcTIOf 30. 3 SEGME SEGIEl MC. Wfll 31a ICADI

00 01 P2 D3 D4

0.0000 -5.0000 0.0000 0.0000 1.0000

luIST ?a"? OF FUUCTIOI - TIRULAI PoINTs

0 PlO)
0.0000 0.0000
1.000000 410.0000
2.000000 900.0000
3.000000 1110.4000
4.00000 1470.0000
5.0000 1580.0000

FUNCII0l 10. 6 CONSTAI F-,00 lIM V1 , to CARDS f

00 DI D7 03 D4

0.0000 0.0000 0.0000 0.000 0. 00

FUNCTION is CONSTANT 0.000000
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FIG[ 10

FUNCTION 10. 7 1 FACTOl. VI1 7) 1 24

DO DI D2 D3 D4

0.0000 0.0000 0.7000 0,0000 0.0000

FOICTION IS CONSTAIT 0 700000

FuICTION 10. 13 STIFF SURFACES VIM11) 129 
CARD'S

DO DI D2 D3 D4

0.0000 -C0000 0.0000 0.0000 1.0000

FIRS? PAIO OF FUCTIOI B TABULAI POINTS

D F(0)

0.000000 0.0000

0.100000 5.0000

0.200000 20.0000
0.300000 00.0000

0.000000 60.0000
1.000000 860.0000

2.000000 2400.0000

3.000000 4000.0000
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?AG[ I I

FUNCTION 30. 11 FIICTOI OFIX. 111114) ' II CARDS I

04 1 Di D3 04
0.0000 0.000 0.5000 0.000 1.0000

FUCTIOI IS COISI" 0.500000

FUNCIOI I0. 19 CF'.l5.I[ST3.25 ITI(I3 ' 50 CARDS 9

DO DI D? D3 D4

,.0000 0.0000 0.1500 0.0000 0.0000

FIUIIIOI IS COISTIrr 0.250000
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FAGE[ 1

FUNcTION 10. 20 DAPING COEFF. C9O0 NTI(20) aCAS 1

DO Di D2 D3 D4

0.0000 1.0000 0.0000 0.0000 1.0000

FIRST FAIT OF FUICTIOI - STI DEGREE OLTIOKIIL

iO Al 13 84 V5

0.000000 900,000000 0.000000 0.000000 0.000000 0.000000

FUNCTION 10. 2) BATE Of DEFLEC. i71(21) r 72 CARDS E

DO 01 D2 03 04

-40.0000 -150.0000 0.0000 0.0000 1.0000

FIRST FAIT OF FUNCTIOI - 21 TABULAR POINTS

0 F(D)

-40.000000 0.0000

-30.000000 0.0000

-20.000000 0.0000

-10.000000 0.0000

0.000000 0.0000

5.000000 1.0000

10.000000 1.0000

20.000000 0.9900

30.000000 0.0650

40.000000 0.9280

50.000000 0.8600
60.000000 0.6900

10.000000 0.4750

80.000000 0.3100

90.000000 0.2600

100.000000 0.2000

I10.000000 0.1800

120.000000 0.0900

130.000000 0.0600

140.000000 0.0250

150.000000 0.0000
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?AGE 13

FUCIION 30. 22 DARIN COUP. C-35 I?1f221 8 120 clps I

50 01 Di 03 94

e.g. 000 0.o .000 0.00 1.0110

Fie"? Mt 0a FIUCTIOII - STE NMIK VOIAJ

10 A) 112 U3 A4 AS

0. 000000 35.000000 0.000000 0.0000 0.000000 0.00000

FUCl0l 30. 24 0AW11G CUFF. C-0.U11 ]T 241 a 131 CARDS I

of 111 02 03 04
-100.9000 -1000.0000 0.000 0.000 1.00

1I1m PS"? or FUIC?01 4 11IAlI PoINT

0 Flo)
-I000.00000 0.6009

I. OHM0 0.000
0.000 1.000

1000.010 1.0000
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FACE 14

FUNCTION 10. 25 DAIVING COEFF C:l 0 1125) a 145 CA1P4 5

DO DI D2 03 D4

0.0000 1.0000 0.0000 0.0000 1.0000

FIRST AI OF FUNCTION 5 h DEGREE POLYNOMIAL

10 AI £2 13 £4 15

0.000000 )O0.000000 0.000000 0.000000 0.000000 0.000000

FUNCTION I0. 26 STIFF SONFICES-LL Il(28) - 156 CARDS f

DO DI 02 03 Di
0.0000 -4.0000 0.0000 0.0000 1.0000

FIRS? PART OF FUNCTION - 8 TABULAR POITS

D F(D)
0.000000 0.0000
0. 100000 5.0000
0.200000 20.0000
0.300000 10.0000
0.400000 60.0000
2.000000 860.0000
3.000000 7400.0000
4.000000 4000.0000
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FUIIU W. 31 IAHMESS VFU 31I1311 a 171 UPRS I

N 0 DI D2 3 ol

0.00o" -4.00"00O 0.0000 0..0 0.00

riIEAM Of FIOI0 - a TIBULI P01115

0 F (0)
o.~ow 0.0000
0.01000 150.0000
0.020MW 300.000
* 03000 450.0000
0.0"00 050O.000
0. 00000 3500.000
1.0000 35M0.000
C.0000 140000.0000

FUlCYICI 9. 32 EARIESS FIICTIOI I111321 200 CARDS I

DO bI 02 03 M4

0.0000 0. 0000 0.2000 0.000 0.2000

FUUCI0U Is COwiSTAI 0.2fo00
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PAGE 16
FUICYIGI tO. 34 HIRIESS FIICTIOI IT1(34) , 205 CARDS I

DO DI D2 D3 HI
0.0000 0.0000 0.0000 0.0000 0.2000

FDICTIOI is COISTUT 0.900000
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RUMPW CONTACTS an ASSOCIATED FE1CTIONS PAGE 17

CARDS F.1

PLANE SEGNENT FORCE DEFLIClIO1 INERTIAL $pill I FACTOR 0 FACTOR FRICTION COEF. OFT

I- Is 1- 1 13 -20 -21 0 It

SEA?. I DWER OFF I LT STIFF SURFACES DAWING COEFF. W~OO RATE OF DEFLEC. FRICTION FG1C.

I-1is 11-6 13 -25 *11 0 14

SEAT. 6 DEGREE OFF I ROL. STIFF SURFACES DAIVING COEFF C-1100 KATE OF DEFLEC. FRICTION FENC.

I- Is @ 0 15 -25 -11 0 If4

SEAT. 11 DEGREE OFF A LOt. STIFF SURFACES DAMPING COUl! CIIO0 1A71 OF DEFLEC. FRICTION FumC.

2-IS6 1- 1 1 -20 -11 0 141

RACE PANUL. I3 DEE1 LY STIFF SURACES DAMPING COEFF. Cv0 RA1E Of DEFLEC. FRICTION FDIC.

I-16s 11-2 IS -20 *11 0 14

RICK PANEL. IS MEO CT STIFF SURFACES DAIVING COEFF. C-000 RATE OF NEFLEC. FRICTION FENC.

1- 16 3- 3 13 -20 -21 0 If4

DICK PANEL. 13 DEE UT STIFF SURACES DAMPING CWuP. C000 RAft OF DEFLEC. FRICTION FUNC.

3- Is S1-N 13 -22 -21 0 14 .1

FLOOR. IF STIFF SURFACES DAIVING COl!. C,35 RAft of DEFLC. FRICTION FEvC.

3- is I1- 1I IS -22 -21 0 if .1

FLoOR. LI STIFF SURFACES DIVING CO5FF. WS5 UlTE OF DEFLEC. FRICTION FUIC.

4-is $- 5 13 -22 -21 0 14

READ PAD. 13 DEGR N STIFF SURFACES DAIVING COUFF. C:35 RATE OF DEFLEC. FRICTION FuEC.

Is- Is 61-6 33 -22 -21 0 1II

RUNE PEDALS. IF STIFF SURFICES DAMPING COEFP. C235 RATE OF DEFLEC. FRICTION FURC.

Is- is 11- II 13 -22 *21 0 if4

RumeE PEDALS. LI STIFF SURFACES DAMING COEFF. C,3$ RATE OF DEFLEC. FRICTION FUNC.
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CARDS F.3

SEGUEIT SEGIIENT FORCE DEFLECTION INERTIAL SPIKE I FACTOR G FACTOR FRICTION COFF. OFT

2- 2 13- 13 3 0 7 0 19 0

CT ILA SEGMEbT-SEGMENT FCI. I FACTOR. CF-.25,CREST:,25

2- 2 15- Is 3 0 7 0 19 0

CT LLI SEGMNT-SEGMENI FCV. I FACTOR. CF:.25,CRFST:.25

6- 6 13- 13 3 0 7 0 10 0

InU RUI SEGMEIT-SEGIEIT FC1. A FACTOR. CF- .25,CREST: .25

9- 0 Is 15 3 0 7 0 19 0

LU. LLA SEGNEN7-SEGMINT FC1. I FACTOR. CFt.25,CREST:.25

13- 13 is--24 13 -21 -21 0 14

IA VII STIFF SURFACES DAWING COEFF. C:35 RITE OF DEFLEC. FRICTION FUNC.

I5- 15 16- 24 13 -22 -21 0 140

LLA VE STIFF SURFACES DAMPING COEFF. C:35 RATE OF DEFLIC. FRICTION FVNC
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PAGE 16

IARIKiA-I[L? SIST[I liNTT 
CARDS F.6

fO. OF NAIESSES * I

NO. OF BELTS fi BABIESS * 2

l0 gAvI6S 10, I 50. OF POlITS Pl BELT : 12 15

RARIESS to. I BELT 10. I FUNCTION NOS. 31 0 o 0 p IBIfIU[ SLICK 0.000 If.

I KS 11 I? lD 101 FUICTIOl KOS. CARDS F.B.D

1 16 0 109 1 1 0 0 0 0 0

2 I 115 0 1 0 0 0 0 31

3 1 J M 0 1 0 0 0 0 34

4 1 1 127 0 I 0 0 0 0 31

S I 1 133 0 1 0 0 0 0 34

a 1 23 139 0 1 0 0 0 0 0

7 1 I 115 0 I 0 0 0 0 34

O I I 151 0 1 0 0 0 0 34

9 1 I 157 0 1 0 0 0 0 34

10 1 I 183 0 1 0 0 0 0 34

II I I Joe 0 I 0 0 0 0 34

12 16 0 175 I 1 0 0 0 0 0

BASE BEFE6EICE I 11.) ADJUSTED BEFERENCE (11.1 OFFSET ( II.1 PREFEIRED DIRECTIOI 1 11.)

k I I Z I I Z 1 I z I 1 Z

1 13.000 6.000 -10.300 13.000 1.000 -10.300 0.000 0.00 0.000 2,400 22.000 -0.300

2 -1.178 7.075 -0.781 -1.175 7.075 -0.701 0.000 0.000 -0.0712 0.000 0.000 0.000

3 -0.029 0.,96 -1.531 -0.029 6.705 -1.534 0.000 0.000 -0.072 0.000 0.000 0.000

4 0.110 5.7?8 -2.213 0.910 5.778 -2.253 0.000 0.000 -0.072 0.000 0.000 0.000

5 2.228 2.355 -3.102 2.225 2.355 -3.192 0.000 0.000 -0.072 0.000 0.000 0.000

6 1.957 0,000 3.050 2.957 0.000 3.059 0.000 0.000 -7.000 0.000 0.000 0.000

1 3.070 -0.050 -4.110 2.34 -0.061 -3.367 0.000 0.000 -0.072 0.000 0.000 0.000

1 1.185 -2.325 -3.343 1.785 -2.325 -3.343 0.000 0.000 -0.072 0.000 0.000 0.000

1 0.011 -5.145 -2.728 0.011 -5.15 -2.728 0.000 0.000 -0.072 0.000 0.000 0.000

1l -0.050 -5.789 -2.822 -0.550 -5.19 -2.252 0.000 0.000 -0.072 0.000 0.000 0.000

11 .2.480 -6.099 -1.200 -2.460 -6.098 -1.200 0.000 0.000 -0.072 0.000 0.000 0.000

1 13.000 -8.000 -10.300 13.000 -6.000 -10.300 0.000 0.000 0.000 2.400 22.000 -0.300
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HARIESS 10. I BELT 10. 2 FUICTIOI 105. 31 0 0 0 0 REFERENCE SLACK 0.000 Ii.

K ES KE I? IPD NOR FUCTIOI NOS. CARDS F.e.D

13 10 0 187 i 1 0 0 0 0 0

14 I I 103 0 1 0 0 0 0 32

IS I I 109 0 1 0 0 0 0 32

15 I 23 205 0 1 0 0 0 0 0
1i I I 211 0 I 0 0 0 0 32

18 2 2 217 0 1 0 0 0 0 32
19 2 2 223 0 I 0 0 0 0 32

20 3 3 229 0 1 0 0 0 0 32

21 3 3 235 0 1 0 0 0 0 32

22 3 3 241 0 1 0 0 0 0 32

23 3 3 247 0 1 0 0 0 0 32

24 3 22 253 0 0 0 0 0 0 32

25 3 3 259 0 I 0 0 0 0 32

20 3 3 265 0 I 0 0 0 0 32

27 18 0 271 I I 0 0 0 0 0

BASE REFEREiCE 1 11.) ADJUSTED JEFERENCE 1 11.) OFFSET 1 11.1 PREFERRED DIRECTION I 1.)

K I Y 2 1 T 2 I Y 2 1 T z

13 13.000 -8.000 -10.300 13.000 -6.000 -10.300 0.000 0.000 0.000 0.700 17.500 -21.300

14 -2.445 -6.101 -1.213 -2.445 -6.101 -1.213 0.000 0.000 -0.072 0.000 0.000 0.000

15 -0.960 -6.000 -2.500 -0.006 -5.651 -2.359 0.000 0.000 -0.072 0.000 0.00 0,000

16 0.000 -5.700 3.800 0.000 -5.367 3.578 0.000 0.000 -7.000 0.000 0.000 0.000

17 0.010 -4.000 -4.500 0.008 -3.061 -3.443 0.000 0.000 -0.072 0.000 0.000 0.000

1 1.816 -5.439 -1.820 1.818 -5.439 -1.820 0.000 0.000 -0.011 0.000 0.000 0.000

19 2.500 -2.500 -1.500 3.397 -3.397 -2.038 0.000 0.000 -0.011 0.000 0.000 0.000

20 3.000 -1.500 8.500 2777 -1.388 6.016 0.000 0.000 -0.872 0.000 0.000 0.000

21 4.487 -0.133 3.734 4.407 -0.133 3.734 0.000 0.000 -0.672 0.000 0.000 0.000

22 4.421 3.319 -1.662 4.421 3.310 -1.662 0.000 0.000 -0.672 0.000 0.000 0.000

23 0.879 4202 -5.672 0.879 4.202 -5.672 0.000 0.000 -0.872 0.000 0.000 0.000

29 0.300 0.200 -2.800 0.320 0.213 -2.985 0.000 4.000 -3.500 0.000 0.000 0.000

25 -1.000 4.300 -6.000 -1.955 4.105 -5.729 0.000 0.000 -0.872 0.000 0.000 0.000

26 -2.500 4.300 -4.000 -2.612 4.092 -9.179 0.000 0.000 -0.672 0.000 0.000 0.000

27 0.000 5.000 -35.200 0.000 5.000 -35.200 0.000 0.000 0.000 0.700 17.500 -21 300
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SUIOUTINI INITAL INPUT PAGE i
CARD G.1

ZPLTIll ZPLT(T ZPLTIZ) II JI 12 J2 13 SPLI SPLT(2 SFLT(I31
0. 0. 0. 0 0 0 0 0 10.00 6.00 1.00

INITIAL POSITIONS IINITIAL REFERENCE) CARDS 0.2

SEGMENT LIBEAR POSITION 1 11.) LINEAR VELOCIT ( IN.1SEC.)
N0. SEG I T Z I y Z
I L? 14.38100 0.00000 -13.75000 0.00000 0.00000 0.00000

2 C? 13.15068 0.00000 -19.07188 0.00000 0.00000 0.00000

3 UT 11.31383 0.00000 -26.93796 0.00000 0.00000 0.00000

4 0 8.28353 0.00000 -35.53137 0.00000 0.00000 0.00000

5 8 7.77521 0.00000 -41.83338 0.00000 0.00000 0.00000

8 BUL 22.94073 3.02000 -14.48930 0.00000 0.00000 0.00000
7 I.L 38.16072 3.42000 -10.39045 0.00000 0.00000 0.00000
8 IF 49.12719 3.42000 -4.45598 0.00000 0.00000 0.00000
9 LOL 22.94073 -3.42000 -14.48930 0.00000 0.00000 0.00000

10 ILL 38.16012 -3.42000 -10.39045 0.00000 0.00000 0.00000
II LF 48.12719 -3.42000 -4.45598 0.00000 0.00000 0.00000

i2 But 12.34164 6.24000 -27.13188 0.00000 0.00000 0.00000
13 ILA 22.75808 0.24000 -21.48571 0.00000 0.00000 0.00000

14 LOA 12.34184 -6.24000 -27.13188 0.00000 0.00000 0.00000
15 LLA 22.75808 -6.24000 -21.48521 0.00000 0.00000 0.00000

INITIAL ANGULAR ROTATION AND VELOCITY CARDS 0.3

SEGIErr ANGULAR ROITION 1 1 01 JGULA VELOCITY (IEOISEC.)
10. SFG TAN PITCH ROLL I 1 Z ITFI
I LT 0.00000 12.90000 0.00000 0.00000 0.00000 0.00000 3 2 I 0
2 CT 0.00000 12.05000 0.00000 0.00000 0.00000 0.00000 3 2 1 0
3 0? 0.00000 13.28000 0.00000 0.00000 0.00000 0.00000 3 2 1 0
0 I 0.00000 13.46000 0.00000 0.00000 0.00000 0.00000 3 2 1 0

5 8 0.00000 13.46000 0.00000 0.00000 0.00000 0.00000 3 2 1 0
6 BUt, 0.00000 92.90000 0.00000 0.00000 0.00000 0.00000 3 2 I 0
7 ALL 0.00000 48.55000 0.00000 0.00000 0.00000 0.00000 2 2 I 0

8 kf 0.00000 128.80000 0.00000 0.00000 0.00000 0.00000 3 2 1 0
9 LUL 000000 92.90000 0.00000 0.00000 0.00000 0.00000 3 2 1 0
10 LLL 0.00000 48.65000 0.00000 0.00000 0.00000 0.00000 3 2 I 0
11 LF 0.00000 128.80000 0.00000 0.00000 0.00000 0.00000 3 2 1 0
12 RUA 0.00000 20.50000 0.00000 0.00000 0.00000 0.00000 3 2 1 0

13 ALI 0.00000 85.00000 0.00000 0.00000 0.00000 0.00000 2 2 1 0
I LUA 0.00000 24.50000 0.00000 0.00000 0.00000 0.00000 3 2 1 0
15 LLA 0.00000 95.00000 0.00000 0.00000 0.00000 0.00000 3 2 1 0

LINEAR Nd ANGULAi VELOCITIES RIVE BEEN SET EQUAL TO THE INITIAL VEHICLE VELOCITIES.

R8PLAT TME 0.000 IE[C. 1IE,?P1S My. I I I1 103
1LII, 1 2 3 4 5 5 6 9 t0 II 12
aR 4.124 1.402 1.574 3.779 "2.557 .2.656 3.388 1.187 1.940 4.138

IIPLA TIME - 0.000 WEEC. NH,NBRPTS V' I 2 7 III
NL(I}: 13 14 18 21 22 22 27

Be - 4.718 7.394 8.842 8.08 5.423 10.829
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TAUR TIE HISTORY CONTROL PUR TIRS
TYPE RSG SELECTED SEGMNTS O1 JOINTS
1.1 3 3 -5 5

Eff 0 1 is
3.2 3 3 5 5

REF 0 0 3
1.3 3 3 5 5

Roff 0 0 3
1.4 3 3 5 5

REV 0010s
1.5 3 3 5 5

REF 0 0 5
8.6 3 3 5 5

REF 0 0 3
3.7 2 3 4

REF 0 0
R.S 0

RF
6.9 I 4

REF 5
9.o is I 2 3 4 5 1 7 S RIO0 11 12 13 1415

REF IS
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MAIID F1CTIOIS FOR TIME' 0.000 MSEC PAGE 20

(IlEi'IILI ,(LOCIL) (LOCAL)

IVGOLAI ROTATION (DEG) ANGULAR YLOCITY (MD/SEC.) ANGULAR ICCELERATION (EADISFC.''2)

SEGMENT Tiv PITCH BOLL I T z I I z

I IT 0.0000 12.9000 0.0000 0.00000 0.00000 0.00000 0.000000 -20.834649 0.000000

2 CT 0.0000 12.9500 0.0000 0.00000 0.00000 0.00000 0.000000 40.304245 0.000000

3 OT 0.0000 13.2800 0.0000 0.00000 0.00000 0.00000 0.000000 -0.850459 0.000000

I 1 0.0000 13.4600 0.0000 0.00000 0.00000 0.00000 0.000000 13.637048 0.000000

5 1 0.0000 13.4600 0.0000 0.00000 0.00000 0.00000 0.000000 -1.165343 0.000000

6 R1 0.0000 92.0000 0.0000 0.00000 0.00000 0.00000 0.000000 -2.405246 0.000000

7 ILL 0.0000 48.6500 0.0000 0.00000 0.00000 0.00000 0.000000 -12.11550 0.000000

8 I 0.0000 126.8000 0.0000 0.00000 0.00000 0.00000 0.000000 50.318297 0.000000

0 LVL 0.0000 92.0000 0.0000 0.00000 0.00000 0.00000 0.000000 -2.405246 0.000000

10 LI,L 0.0000 48.6500 0.0000 0.00000 0.00000 0.00000 0.000000 -12.215659 0.000000

II LF 0.0000 126.8000 0.0000 0.00000 0.00000 0.00000 0.000000 56.318297 0.000000

12 1U0 0.0000 24.5000 0.0000 0.00000 0.00000 0.00000 0.000000 -6.917594 0.000000

13 ILl 0.0000 85.0000 0.0000 0.00000 0.00000 0.00000 0.000000 -34.722447 0.000000

14 LUA 0.0000 24.5000 0.0000 . 0.00000 0.00000 0.00000 0.000000 -6.017504 0.000000

15 LLA 0.0000 85.0000 0.0000 0.00000 0.00000 0.00000 0.000000 -34.722447 0.000000

16 YEN 0.0000 0.0000 0.0000 0.00000 0.00000 0.00000 0.000000 0.000000 0.000000

(INERTIAL) (IIEITIML) 111EITIAL)

LINEAR POSITIOI III.) LIEAI TELOCITY ( Il/SEC.) LINEAR ACCELERITIOIS (0'S)

SEGMET I T z I I Z I I Z

I LT 14.3810 0.0000 -13.7500 0.00000 0.00000 0.00000 0.017822 0 000000 -0.08444

2 CT 13.1607 0.0000 -19.0719 0.00000 0.00000 0.00000 0.114863 0.000000 -0.110519

3 UT 11.3130 0.0000 -26.0380 0.00000 0.00000 0.00000 -0.038031 0.000000 -0.075446

4 8 9.2835 0.0000 -35.5314 0.00000 0.00000 0.00000 -0.042274 0.000000 -0.074372

5 8 7.7752 0.0000 -41.8334 0.00000 0.00000 0.00000 -0.047117 0.000000 -0.073212

6 NUL 72.9407 3.4200 -14.4893 0.00000 0.00000 0.00000 0.041546 0.000000 -0.039498

7 ILL 38.1602 3.4200 -10.3004 0.0000 0.00000 0.00000 -0.100094 0.060000 0.188260

8 IF 48.1272 3.4200 -4.4560 0.00000 0.00000 0.00000 -0.187590 0.000000 -0.183587

9 LIL 22.9407 -3.4200 -14.4893 0.00000 0.00000 0.00000 0.041548 0.000000 -0 039498

10 I1.L 38.1602 -3.4200 -10.3904 0.00000 0.00000 0.00000 -0.100994 0.000000 0.188268

i IF 48.1272 -3.4200 -4.4560 0.00000 0.00000 0.00000 -0.187590 0.000000 -0.183587

12 8l 12.3416 0.2400 -27.1319 0.00000 0.00000 0.00000 -0.114274 0.000000 -0.038215

13 ILA 22.7581 6.2400 -21.4852 0.00000 0.00000 0.00000 -0.266015 0.000000 0.736709

14 LOA 12.3416 -6.2400 -27.1319 0.00000 0.00000 0.00000 -0.1142?4 0.000000 -0.038215

15 LLA 22.7581 -0.2400 -21.4852 0.00000 0.00000 0.00000 -0.266015 0.000000 0.736700

16 YEN 0.0000 0.0000 0.0000 0.00000 0.00000 0.00000 0.000000 0.000000 0.000000
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1 ITIIL) (LOCAL)
91 AMY IN/1SIC. 102) 32 AMlY MIRDSC.12) IINITIC EllIOT

IMIUAL LIMIA ACCILIUATIORS MULRNL ANULAR ACILRATIOIS ( LI.- 11.)
SlOIBIT I T 2 I T 2 LIMIA MANLA TOTAL

I LT -O. 1210D.03 1.0000400 -0.11351104 0.000000.0 -. 400151411 *.0000000 t.00000000 *.000000'00 0.00000000
2 C? 0.00009.00 0.0000D000 0.38610#0 0.00000#.0 0.000000. 6.0O00M0 0.00000.0 0.000006.00 0.000000.00

3 1? 0.09400,01 0.00000.00 0.3101003 *.0.0000M -0.318000 0.000000 0.0000004 1.00000000 0.000000400

I 1 0.00000.00 0.00004.00 0.38610#03 0.00000.00 0.0.0000t 0."000000 0.000000.00 0.000000.00 0.000000.000

5 1 0.76220.02 0.00004.0 *.30800#03 -0.1300-18 -1.167310.00 0.306511-10 0.0000000 0.000000.00 0.000000.00

6 01 U 0.5300.02 6.00000.00 -0.11980,03 0.854030-11 *.11270401 6.11373D-14 0.000064@0 0.000000000 0.000000400

7 ILL 0.00000.00 0.00000#00 0.36510003 o.o0000@ $."oo"o 0.000000.0 0.000100.00 0.0000100 0.000000.00

I RI -0.95110101 0.00000.00 -0.52100103 0.004000 -0.1l?0003 0.00000000 0.000000.0 .omoboo~ 0.00000000

9 LUL -0.33090.01 0.0000#.0 -0.1190D#03 0.54030-17 0.18270*02 1.12373D-14 0.000000400 0.000000.00 0. 000000.00

10 LLL 0.00000.00 6.00000.00 0.3610003 O0.OO0oO00 0.OOoOO.00 0000000'0 0.0000000 0.00000#.00 0.OOOO00400

11 LF -0.9511041l 0.00000.00 -0.5210003 0.0000000 -0.176100#03 0.00000*0 0. 00000100 0.000004.00 0.0000000

12 191 0.00000.00 @.00000.00 0.38010#03 0.00000000 1.00060#0 C.0000M0 0.000000#00 0.000000.00 0.000000,00

13 ILA 0.00000.00 0.00000.00 0.3641DI03 0. 0000000 0.0000000 6.000000#00 0.000004.00 0.00000.00 0.000000600

14 LPI 0.00000#00 1.00000.00 0.38603003 0.000000*0 0.00000000 0.00000000 0.000000100 0.000001.0 0.000000#00

15 LLI 0.00000.00 0,00000.000 0.306[D#03 0. 0000000 0.000000 00 .0OOO#oO 0.000000.00 0.000000.000 0.0000000
TOTAL BOYT 1 IIRE IIG

0.000000.00 0.000000.00 0.00000#00

1IRRTIALI lIffl10L
JOINT VORIS ( LI. JOIN? "ORom ( if. Le.) HULTITI ANGouLAR

MOIT 1111 I T I I T 2 VILOITI MUADSIC.)

I p 0 -0.0770#02 0.000M0 -0.100.03 0.00000.00 os0.00000 0.000000 0.000
2 3 0 -0.1920.02 0.0000.00 -0.159002 0. 0000.0 0.00060 . 0.000000 0.00

3 I? 0 -0.3120,01 0.0000M0 -0.150#01 0.00000.00 CO0.00000 0.000000 0.000
01 3 0 -0.12000 0.0000.00 -0.1220.02 #.000o0o0 0.0000104 0.0000.0 0.000
3 U 0 0.2740101 0.000000 1.6304 0.000000 0.000M.0 1.0001009 0.000
6 II I -0.1320401 0000000 -0.5500401 0.0000.0 0.0000000 0.000000 0.00
7 lI 0 -0.3390.00 0.0000100 0.2420#01 0.00000.0 0.000MM 0.00000.00 0.000
I LI 0 0.2740.01 0.0000000 0.6530.00 0.00000*00 0.0400#00 0.00000.0 0.000
0 LI 1 *0.1320#01 0.000000 -0.5500001 0.0000000 0.00009 0.00000.00 0.000
10 LA 0 -0.3390.001 0.0000#00 0.2420101 0. 00600 0.00000.0 0.00000.00 0.000
11 is 0 -0.2110.01 0.0000.00 -0.731I01 0.00000o00 0.00000000 0.0000400 0.000
12 If.1I -0.150001 0.0000.00 -0.1550001 0.0004.0 0. 0000.00 0.0000.00 0.000
13 LS 0 -0.221001 0.00MM0 -0.73ID01 0.00000.00 600000 0.0000000 0.000
10 LI I -0.1560.01 0.0000.00 -0.155001 0.0000.0 I.0000000 0.00000.0 0.000

190



IAREESS lit? 1ISULTS 1O rIRe 0.000 IslC. PGE 2

lILT ShUIl (LOCAL 01 ILLIPSOID) (IIIuliL) PI rUTIOI

POIhT POly SIEOI? LINU ilay6 iSS IIFIIDIC POll? (11.) SEL? FOICES ( LD.) Is1N0 LOSS

60. I1I1 I. 1 11.) (l. lU.) I T z 1 2 (II. LB.)

IL lO. I OF IUKISS I0. I
I I 10 0.000 0.000 13.000 8.000 -10.300 0.000 0.000 0.000 0.000

2 2 1 4.124 0.000 -1.171 7.015 -0.781 0.DO 0.000 0.000 0.000

3 3 I 1.402 0.000 -0.029 0.795 -1.534 0.000 0.000 0.000 0.000

4 1 1 1.5174 0.000 0.910 5.770 -2.263 0.000 0.000 0.000 0.000

5 5 1 3.710 0.000 2.223 2.355 -3.102 0.000 0.000 0.000 0.000

S 6 1 2.5517 0.000 2.957 0.000 3.050 0.000 0.000 0.000 0.000

7 A 1 2.650 0.000 1.785 -1.325 -3.343 0.000 0.000 0.000 0.000

1 0 1 3.386 0.000 0.011 -5.145 -1.728 0.000 0.000 0.000 0.000

9 10 1 1,187 0.000 -0.880 -5.789 -2.282 0.000 0.000 0.000 0.000

10 II 1 1.040 0.000 -2.400 -6.09 -1.200 0.000 0.000 0.000 0.000

11 1 36 4.738 0.000 13.000 -6.000 -10.300 0.000 0.000 0.000 0.000

TOTAL o1? ilIy LOSS 0.000 0.000

IL? so. 70? fJRIfISS 10. I
12 13 16 0.000 0.000 13.000 -3.000 -10.300 0.000 0.000 0.000 0.000

13 14 I 41748 0.000 -2.445 -6.101 -1.213 0.000 0.000 0.000 0.000

It is 2 7.394 0.000 1.816 -5.439 -1.520 0.000 0.000 0.000 0.000

is 21 3 6.642 0.000 4.487 -0.133 3.734 0.000 0.000 0.000 0.000

16 32 3 6.406 0.000 4.421 3.319 -1.662 0.000 0.000 0.000 0.000

17 23 3 5.423 0.000 0.079 4.202 -5.072 0.00 0.000 0.000 0.000

is 27 10 10.839 0.000 0.00 3.000 -35.200 0.000 0.000 0.000 0.000

TOTAL ELT 1lIT LOSS 0.000 0.000

TOTAL iuEISS ElINOT LOSS 0.000 0.000

11 1 IT v 10 IT TIN m 16.000 iEC. DELAI - 0.010537 SCALE • 1.000000

Il 1713 • 10 IT V111a 11.000 EIC. DELI * 0.000232 SCALE , 1.000000

P1111 IM a 10 AT TIN - 19.000 IC. BLEI a 1.009627 SCALE • 1.00000

WRD33 I711 - f A? TIN v 20.000 liC. DEIA a 0.010050 SCALE a 1.000000

811118 D111 - 10 T? 1I # 21.000 IC. DLhI m 0.010116 SCALE a 1.000000

UPLAT UiN v 12.000 iC. A,1l,IFPTS IFT I 2 6 151

5,141' 13 14 10 21 22 23 24 27
Be , 4.748 7.394 0.842 0.406 5.423 0.401 10.338

I11g15 lTIt , 10 I TI 22.000 EEC. DEIA' , 0.01249 SCALE a 1.000000

OHM101 lIEl * 10 IT TIN 23.000 EIC. DlU 0.011517 SCLE v 1.000000

6)?013 1?11 , 10 1? TIN 14.000 EIC. DELIl a 0.011234 SCALE * 1.000000

VMS 31118 - 1 ? TIN a 25.000 SEC. DELI! v 0.011560 SCALE • 1.000000

7T111 l1 v 10£? ITIE • 26.000 SEC. DILVA1 & 0.012320 SCALE' 1.000000

191



VTMD ITl a 10 AT TIN a 21.000 EC. DIM , 0.010039 SCALI 1.000000

ITUE 1711 m I0 I? TIM 29.000 EEC. DIM o 0.012481 SCLI a 1.00000

ETUD 111 a 10 IT TIe x 30.000 EEC. DIAI s 0.014087 SCILI a 1.000000

REPLAT TIN - 31.000 BeC. HAWS Vs 1 2 7 1i
IL), 13 14 is I 2 214 217
BB - 4.748 7.304 6.542 0.406 5.573 10.670

MIUD 111 , 10 IT TIE s 31.000 EIC. D[IKIZ * 0.021341 SCl , 1.000000

Pu TIE T 32.000 EE NA I mS IT. I I 1 181
tLl), 13 it is 21 22 23 24 27
BB - 1.711 7.39 6.542 6.400 5.065 0.260 10.920

UPTUD Itl v 10 IT TIE a 32.000 IEEC. DLUI s 0.010547 SCA L 1.000000

RBPLT TIE a 33.000 EEC. ,NPYS if?, 2 7 111
VWIOl* 13 14 II 21 23 3 27
99 • 4.748 1.391 6.542 0.406 5.00 11.166

M7?u7ll l?£E a 10 a T TieN 33.000 EEC. OiELIA[ a 0.030770 SCALE ' 1.000000

99PIF TIlE * 34.000 EEC. All I1' nT, 2 I 5s
E111 13 II Is 21 22 23 21 17
so - 4.748 7.394 6.6413 6.40 5.066 0.230 14.11"

HPgl11 ITll a 10 AT TIE " 3.000 WIC. DELIA! a 0.041013 SCALE a 1.00000

aPLAy TiE , 35.000 EEC. AnEPTO no I 2 I III
ItIll, 13 II Is I1 22 14 27
so a 4.740 7.394 0.341 6.400 5.11 11.035

VIMg11 1111 a 10 IT TIe @ 35.000 EEC. DELNAE v 0.021121 SCALE a 1.000000

oPLy TIE " 36.000 BC. l,,n no I 2 I II1
IL(I) 13 14 Is 21 22 33 34 27
so - 4.741 7.304 6.642 6.406 4.047 0.105 11.210

U77919 1?11 a 10 AT TiE a 36.000 EEl. DIM! a 0.012611 KALE' 1.000000

971019 IT - 10 AT TIE • 37.000 EEC. DEI! v 0.015613 SCALE a 1.000000

7?!3 ITN a 10 AT TIE a 36.000 EE. DELI 0.011152 SCALE a 1.000000

Rpm09 ITEE a 10 a? TIE a 30.000 EEC. DEJA o 0.014301 SCAIE 1.000000

17?g0a Itll • 10 At Tif - 40.000 Eic. Enl! - .0.017800 SCALE 1.000000

111M1 ITE s 1I AT TIE • 41.000 EEC. DELinl a 0.015011 SCALI a 1.000000

SF71 I? a 10 AT TE ' 412.000 EEC. DELIA - 0.017005 SCALE , 1.000000

EPUT TiE - 43,000 EEC. E,n,im nT . I 2 7 181
IL(1), 13 II I$ I1 22 24 17
8 - 4.746 7.394 0.42 6.406 4.010 11.342
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17701 lTIE a 10 AT TIN a 43.000 IE. PIlR*0.053120 SCALE a1.00

nIPLAT TIE - 44.00 EEC. DRnimT IT. I I 1 181
111,11) 13 14 Is 31 22 23 24 27
Be - 4.746 7.544 6.642 6.408 4.411" 0.075 11.081

177911 ITHt - IS AT TIE - 44.000 WIC. 0I2NA - 0.113033 SCALE s 1.0000

EFTO ITEE - 10£AT TIE - 45.000 MIC. D1LIAI - 0.012874 KALE * 1.00000

ERPLAY TIM - 45.000 EEC. II,17S I7- 1 2 7 111
11,11. 03 Is 21 22 23 24 27
as 4 12.143 6.842 6.400 4.406 0.055 11.701

17701 ITEI - 10 AT TIM - 46.000 EC. DILMAE x 0.014891 SCAL a 1.00000

BIILATTI11 11.0ESC. II.NPTS VT- I 1 10 103
IL(l). I 3 4 5 S 8 1 It II 12
18 - 5.525 1.574 3.779 2.557 2.058 3.388 1.187 1.840 4.738

uy 7 a1 ITI 10£1? TIN v 47.000 WEC. DEUAE v 0.011982 SCALE - 1.00000

597107TI all v 8.000 EEC. DARTs IT* I 2 I III

IL(D-a 13 I8 21 22 24 27

88 - 12.113 0.863 0.406 4.534 11.718

EPTMS 1111 - 10£?T TIE a 41.000 EC. DILI a 0.064777 SCALE s 1.00000

RIIUT Ia 711 - .ooo E. u~fli7?sT Ir 2 7 111

I1,1I1- is is 21 22 22 24 17

IS - 12.143 8.842 S.416 4.101 0.045 11.015

1 1 1 1 oI 10£A? TIE a 49.000 EEIC. DULAE a 0.01077 KCALE - 1.00000

57101 ITER o 10 AT TIEN* 50.00 EEC. 11EL1AE , 0.110283 SCAL a 1.00000

FTUU ITEE a 10£ ATI il 51.000 EEIC. DELI! a 0.012303 SCALE * 1.0000

PAU TIM - 52.000 EC. 11111.111.11T IT' I 1 8 )1811
II1.41) 13 Is 21 22 24 27
*e . 12.143 6.842 8.400 4.222 12.020

8710M ITEI - 10 AT TiEt a 52.000 EEIC. DKUAI * 0.055553 SCALE - 10000

onel im5 - 10 AT TIE * 53.000 IEC. PILW1 a 0.03542 SCALE v 1.000000

UIPLAY TIE - 56.00 IE. DArT,,S Noa I I 9 103
ILIIDa I 3 4 5 a 1 9 10 Is
Be 5.526 1,574 3.778 2.557 2.658 3.388 1.187 8.676

MM7 7 11 TI 10 PT TIE 54.000 E. DELAU * 0.024287 KCALE a 1.900000

IngleI 1711 a 10 AT TIE * 55. 000 EESC. DELIA v 0.015678 SCALE s 1.00000M

arm01 ITEI a 10 It TiE a 58.000 EEIC. DELIA a 0.011488 SCALE 1 1.000000

IIIUT ?IE a 57.000 WIC. UAHIT ffs 1 2 7 111
IL( 1) - 13 if It 21 22 24 27
11- 12.143 1.88? 4.955 0.406 3.880 12.372
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E TU • 10 AT YiE 57.000 SCI. DIU a 0.385300 SCAL a 0.250532

RlUT TIE 58.000 EtC. fl,IIIPS an, I 2 I III
J1(1l- 13 Is It 20 21 22 24 27
Be a 12.143 1.807 1.017 3.130 1.400 3.860 12.372

EPTgD 171 ' 10 IT ?IE a 58.000 WIC. O111 a 0.443858 SCAL a 0.225309

PBUT TIE a 50.000 WIC. 1'§..flS Its , 2 9 1et
EL(i), 13 Ie is 10 20 21 22 24 27
860 7.689 4.253 1.887 1.617 3.130 0.406 3.074 12.277

HuUT 1731 * 10- ? TiE , 50o0 EtC. DELu! , 0o052001 SCALE * 1.000000

BPw TIE - 0.ooo EC. l, Ins T, 1 2 I 101
Il(l)' 13 Ie 19 20 21 22 24 27
89 - 11.143 1.687 1.817 3.139 6.405 4.05 12.165

?UE i1a - 10 IT TINE 00.000 NEEC. DM ' a 0.057800 SCALE a 1.000000

HULAT TIE , 61.000 WIC. I.1'1PTS IT I 2 7 161
iLI(), 13 18 20 21 22 24 27
0I - 12.143 3.703 3.130 6.406 4.156 12.096

VIM lil 10 1? TIN • 01.000 SEC. DM91 a 0.015072 SCALI @ 1.000000

UN 111' 10 IT TiE • 62.000 WIC. DOL a 0.022130 SCAll 1 1.000000

1T 1713 - 10 £? TI1 - 03.000 SEC. DEL s 0.015537 SCALE s .O0M

KGfUT TIE 04.000 WEC. 111,1lEP TS 1 2 S 111
StIl), 13 10 20 1 22 27
Do ' 11.143 3.703 3.130 6.406 16.252

VIU IYql - 10 AT Tie 61.000 SIC. DEUI * 0.011007 SCALI v 1.000000

soUT TiE , 60.000 EtC. ll,I,'s i?, I I S 103
1111 1 3 4 5 O S 1 12
Be • 5.526 1.574 3.770 2.557 2.056 3.386 7.015

V7ET lIDl - 10 At VII - 07.000 iSEC. DIM s 0.011653 SCALE s 1.000000

Mile lT'I a 10£? TIt ' 900.M EEC. DELA 0.013454 SCALI a 1.00000

DIT CON. ?IS? 72.000 1 M M 22.55 0.2511-02 0.11761-03 0.1001-03 0.10001-03 0.10001-03

?IS? FIlLID IT TIN  a 0.072000 701 1 ' 0.00100

DI? CONT. TEST 73.000 1 £l0 IL 23.0 . 0.36241-01 0.15181-03 0.10001-03 0.10001-03 0.10001-03

TEST FILID IT TIE ' 0.073000 101 1 1 0.001000

DIET C07. ?IS? 74.000 1 l 26.11 0.30309-02 0.11641-03 0.10001-03 0.10001-03 0.1000-03

TIST FAILD A? TIE • 0.074000 F06 I - 0.001000
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11130 flioIS FOR TIlE 00.000 iEIC ?101 23

1III'l&L) (LOCAL) (LOCALI

IIONGU Ro07TlOl1 (DIG) 1I"LRI,, II T 1W/Sl C.) INK"LA XCCILI0ATIOI (I.I/sIC."21

S;AMI3 TIN TIME ROLL I T Z I 1 2

I LI 10.9078 40.4615 -2.5237 -3.50101 6.77176 3.01702 -712.525841 -023.312215 -344.890106

2 C? 5.066 6.3877 -35.0620 -28.78011 38.13562 25.32711 1609.123703 4863.705052 714.430120

3 UT 2MO6603 16.1870 4.2073 -4.5588 -1.33212 11.28470 -833.180019 -740.538145 24.730107

4 1 9.4134 -28.3210 9.0212 3.10468 -11.10456 11.62142 -471.521280 -2350.202265 525.4523417

5 a -14.7037 -62.0691 29.64S2 16.06835 -58.33803 6.614800 321.909908 -351.659929 152.225050

6 Vil, II.0106 100.4701 10.5730 -0.26013 -3.94123 -1.50110 -62.706070 -710.201793 00.972957

7 ILl -2.0076 53.90609 -3.2149 -2.05452 1.15204 -1.60027 12.275725 -0.117047 71.212S11

6 IF -1.1125 140.0433 2.4774 3.41034 1.03537 -1.56511 -92.295830 717.017281 -23.019550

9 LI 4.3666 101.1797 4.4060 -0.3710 -3.3541 -0.14435 -200.20621 -671.950631 52.202075

10 LLL -0.9269 46.3497 -1.2101 -0.57510 f.07766 0.06395 276.790377 -4.506409 528.77011

II L? -0.5010 155.0698 1.6050 1.79230 0.13205 -0.69660 -177.520464 1209.576230 196.025307

12 l0 -75.0950 70.5057 -60.2633 -6.23227 -4.14111 -1.63954 244.307026 -3211.031111 -101.345670

13 ILl -21.0534 51.2064 -31.5271 -6.16055 1.21106 1.79401 113.035226 2487.522714 -303.100899

14 LOI -17.0558 02.4794 -23.3843 -2.95505 -0.00123 5.40141 322.0140860 -23.16139 668.20121?

15 LLI -16.0460 60.3973 -21.7714 -2.73681 -15.25083 5.57351 441.700340 4140.746559 316.611015

I0 YEN 0.0000 0.0000 0.0000 0.00000 0.00 0.000 0.000000 0.000000 1.000000

(IlrTIA) (11uYI L) (101[TIAL)

LIlI O1 I 11.) LInIl VICI?! i I ./SC.) LIIIII ACCLZIUI03 0S)

S31NIT I I I f 2 1 7 N

I LY 0.0377 0.0702 -13.0395 -334.65071 -2.62122 -01.21272 1.116456 -3.41755 -24.211372

2 CT 3.5221 -1.5083 -17.2697 -403.60532 -63.36301 -30.5518 -7.411008 0.308363 -13.311359

3 I)T 1.5803 -21.719 -24.7657 -309.26403 -115.11128 -20.63141 -6.135066 3.406064 -20.077252

4 3 -0.4011 -2,6941 -33.1662 -311.46157 -121.56509 -36.64033 16.00001 -4.01590 -22.003312

5 1 4.6666 -1.0002 -36.0064 -176.41710 -80.63431 187.10272 -29.256111 -10.703850 1.134102

0 1lu, 13.0013 3.3950 -14.9332 -345.17072 -1,32316 -53.10904 1.06526 -1.90709 -14.025632

7 I11 20.0730 3.6383 -12.0201 -300.70311 12.64206 -73.1030 3.303535 0.620606 6.154392

6 v7 30.4900 3.6714 -1.4455 -258.02271 23.93000 -137.11721 0.173190 0.601745 -0.915769

9 LV, 16.0441 -3.3468 -14.110 -314.10541 1.15211 -60.15033 6.374569 3.080291 -3.334002

10 LLL 29.7034 -3.3024 -12.0614 -271.11100 10.03011 -97.36311 9.150247 6.179900 13.521611

It LF 39.2701 -3.3220 -7.0097 -244.03381 11.69053 -02.30411 4.60040 0.11370 1.561667

12 lUA 3.1574 3.4023 -20.0240 -420.9052 -109.61T16 -32.64697 -2.643843 0.759736 6.5O070

is ILI 15.1710 5.99so -24,3530 -429.54001 -25.03050 -40.31975 23.116117 3.958924 9.665022

14 LUI 7.1065 -8.0300 -27.9271 -262.36560 -76.25000 -23.72050 -9.IT3676 2.081369 27.959174

15 LLI 19.2504 -0.2444 -21.0666 -343.8076 -23,60110 71.0752 11.107160 -20.329519 -11.311190

IN TIN -12.3548 0.0000 0.0000 -308.87060 0.0000 6.0000 0.0000 0.000000 0.000000
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FAGI 21

(IUI'ILI (LOCAL)
01 MRAY I lI.ISIC.112) 12 awr (IADSEC.M)2 IIEIVC fill

IIIL LIEU! ACCELNATIOIS hRIWAL LEULAB 1CCGLITIOES I LB.- 11.)
sEOwl? I Z J I 2 LINAI AUULII TOTAL

ILY -0.30090.03 0.1550002 -0.28080#05 -0.603061143 -4.27027D'04 -0.2397l1143 0.542000.04 0.4I308002 0.51619D'04

2 C? 0.25800003 -0.5220D#03 -0.020003 0.664290.04 6.83160401 0.7144403 0.2863104 0.542590403 0.340,11004

3 U? *0.6894003 -0.24300'03 0.44190#03 -0.890290.03 -0.154550#03 0.18513D#02 0.120320#05 0.282110403 0.123140,05

4 3 0.00000000 0.00000.00 0.38619403 *0.269640004 0.104110401 0.515,15003 0.50402D.03 0.330680#01 0.50733D'03

5 8 0.00000.00 0.00000.00 @.31610.03 -0,35125D#03 0.9185511#03 0.1523D#2003 0.161670.04 0.56365003 0.141040001

6 ROL 0. 12440#03 -0.7701D#01 0.5420002 -0,331390,61 6.521842 -0.103540,01 0.36122D#04 0.10567D#02 0.361S7DO04

7 ILL 0.00000.00 0.00000.00 0.3801D#03 -0.821760401 -0.244130#03 -0.155980403 0.13134041I 0.22031D#02 0.12355004

9 ii 0.*000000 0.0000000 0.3861D#03 -0.18022P'03 0.11110001 -0.15866003 0.13567D#03 0.277430#00 0.13195D03

O LW.. -0.1121004 0.1477001 0.20450#04 -0,70653D,03 *0.120750OI4 -0.3100lDI03 0.302510#04 O.II2620'02 0.303850104

10 LLL 0.00000.00 0.0000DI00 0.36810#03 -0.640401 -0.17363D#03 -0.140220003 0.102590,04 0.89954D01 0.10349DIO4

11 LF 0.00000.00 0.00000600 0.8610,03 -0.209600.03 O.812010#03 -0.112140002 6.18,11?1103 0.697080-01 0.184040103

12 IDA 0.00000.00 0.00000.00 0.361PD03 *0.44483Do02 -0.700770,04 6.791931)03 0.l40220.04 0.191510'01 0.14071D#04

13 RLA -0.88030.02 -0.40040,01 0.77#10403 0.31290.#02 0.3111101 -0.673710,02 0,11312D#04 0.011593DIIII 0.1437OD401

14 too 0.00000#00 0.00000.00 0.3661D#03 -0.16390003 -0.90273003 0.56251bo02 0.62171P.03 0.114760#01 0.02386DI03

15 LU -0.98900#04 -0,71I0'04 -0.3110DO0 0.20275D,04 0.7009611#04 0.12475DO04 0.907I11403 0.403190101 0.08744D#03
TOTAL BODY KINETIC flil

0.36368005 0.1545I404 0.379130405

(111ITIALI 11I1117AL)
JOINT FOICES I La.) Joll17 TOIQUIS 1 11. LI.I RELATIVE MNULM

JOINT 1M1 I 1 2 1 T z VELOCITY (ILAOSIC.)

1 1 0 -0.478D03 0.1560#03 *0.11001 0.14370101 0.17300.04 -0.45680403 47900o

2 V 0 -0.30.03 0.1341#03 -0.6199#03 -0.21620404 *1060403 0.70030#03 63.400

3 It 0 -0.290020 -0.14040.0 0.9140,0I -0.217110@3 1.55266.03 0.546511,12 4.653

4 6? 0 -0.3401#03 -0.1260.03 1.131I02 -0.0035001 0.267003 *.40010'00 45.641

5 11 0 0.066001 -0.37,1042 -0.2768003 0.1549101 6.60420#01 0.1996002 11.110

6 11 I 0.3653P02 0.7310#41 1.4630.02 *6.9S20301 -0.7377D0216.4208500 13.094

7 Ut 0 0.3000.00 0.I25DI0I -0.3960.0I *.60571#41 6.45030.02 0.0010,0I 6.104

8 LI 0 0.310003 0.1741401 *0.I060,03 -0.1041410 1.5001'02 0.2I950.02 10.100

9 LI 1 0.9900.02 0.936002 0.1230#03 -0.17390#63 -6.40599.02 0.2369003 #.313

10 LA 0 0.0580#01 0.3420*00 0.11711#01 0.N9071101 0.33330.02 0.3150D01 0.027

it Is 0 0.1230#03 0.600002 0.7700102 0.1329002 -0.39630M0 0.269102W 9.125

12 UIt 1 0 900 .20-01 4.1450#02 G .591170.02 0.I0"Doo04 -0.4371043 5.353

IS 1.3 0 0.1113D103 0.3760.00 0.130#t03 -0.7890001 -0.57620.02 0.37550.02 12.112

14 LI 1 0.140,03 -0.112D#01 -0.1530#02 -4.l840#003 1.11400.03 0.29800.03 15.250
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0119; 2 IP? fe88 Fl 20

ful DISCIFlIOI: I1ILS I: lIsle SioD TIST IIITIE11
TOO BOLT WaISs WITS dTPULLIPSOID 1011 D 11 ll 1il: 21.01

!11W01 1. 1112101: LID ICCILITOOI - 200 PlA
ClASS VICTIM: 05Ti PIIC0TILI MLE

1011 TOTUL AICLEIATIOI (OS

pOIT ( 000, 0.00, 0.00)01 POI (1 0.00, 0.00, 0.001 00 POIl? 1 0.00, 0.00, 0 00)01

SOME go. 3 - 07 S1O.l? tO. -5 - I H o10 I. 5 - I

TIE If UT UFIIlICI iCC!lUlloT 110) iv euSEIFICI

lciC) I 1 2 33S I 1 z US I I Z IS

0,000 -0.020 0.000 -0.082 0.004 -0.202 0.000 0.090 0.926 -0.047 0,000 -0.073 0.067

2.000 -0.014 0.000 -0.107 0.108 -0.200 0.000 0.0 0.903 -0.051 0.000 -0.000 0 111

4.000 -0.00? 0.000 -0.170 0.170 -0.258 0.00 0.703 0.83 -0.007 0.000 -0.108 0.191

0.000 -0.006 -0.003 -0.217 0.247 -0.200 0.000 0.725 0.716 -0.093 0.000 -0.232 0.250

0.000 -0.019 -0.012 -P.314 0.315 -0.300 -0.002 0.00 0.725 -0.144 -0.002 -0.269 0.323

10.000 -0.001 -0.021 -0.380 0.301 -0.379 -0.005 0.50 0.008 -0.233 -0.005 -0.342 0.413

12.000 -0.001 -0.052 -0.464 0.474 -0.475 -0.00 0.501 0.6905 -0.244 -0.006 -0.100 0.525

14.000 -0.00 -0.023 -0.047 0.50O -0.407 -0.006 0.425 0.646 -0.375 -0.000 -0.474 0.001

10.000 -0.132 -0.021 -0.023 0.638 -0.50 -0.007 0.340 0.614 -0.411 -0.007 -0.544 0 6o2

18.000 -0.111 -0.005 -0.719 0.727 -0.510 -0.003 0.253 0.570 -0.437 -0.003 -0.625 0.771

20000 -0.133 -0.001 -0.191 0.802 -0.525 -0.002 0.161 0.555 -0.408 -0.002 -0702 0.811

22.000 -0.197 -0.010 -0.051 0.670 -0.001 -0.000 0.110 0.5064 -0.500 -0.000 -0.750 0.911

24.000 -0.362 -0.003 -1.317 1.373 -0.602 -0.171 -0.342 0.707 -0.721 -0.170 -1.179 1.395

26.000 -0.290 -0.112 -1.296 1.358 -0.685 -0.231 -0.314 0.788 -0.739 -0.231 -1.147 1.368

28.000 -0.357 0.550 -1.100 1.340 -0.682 -0.014 -0.101 0.105 -0.705 -0.011 -1.010 1.229

20.000 -0.438 0.610 .1.240 1.553 -0.702 0.035 -0.250 0.746 -0.762 0.035 -1.007 1.317

32.000 -2.733 -0.835 -0.401 2.895 -1.271 -0.218 0.078 1.112 -3.I00 -0.220 -0.149 1.137

34.000 -2.100 -0.420 -0.403 2.203 -1.200 -0.210 0.667 1.397 -1.025 -0.219 -0.076 1.051

30.000 -3.145 -0.474 -0.313 3.190 -1.481 -0.353 0.09 1.743 -1.252 -0.357 0.159 1.312

38.000 -4.178 -0.080 -1.221 4.301 -1.813 -0.70 0.133 1.070 -1.700 -0.710 -0.407 1.903

40.000 -5.137 0.304 -1.250 0 299 -2.004 -0.530 0.280 2.092 -1.07 -0.533 -0.297 1.993

42.000 -0.038 1.397 -2.251 7.334 -2.388 -0.543 -0.390 2.470 -2.41? -0.540 -0.885 2.530

44.000 -14.619 -3.713 0.130 1.920 -1.097 -1.242 3.093 5.17 -3.227 -I.300 3,021 S.024

40.000 -16.21 -. 760 -0.518 10.722 -4.375 -1.075 3.674 5.809 -3.033 -1.143 2.220 4.901

48.000 -21.535 0.772 0.032 21.556 -4.411 -0.006 9.515 7.088 -3.372 -0.741 5.390 6.234

00.000 -41.704 -14.755 8.467 44.707 -8.303 -3.205 16.145 20.202 -5.470 -3.06 10.126 19.321

02.000 -46.007 -12.754 6.609 46.033 -8.050 -1.015 26.196 25.844 -5.064 -2.000 24.033 24.877

51.000 -50.500 -1S.1T1 14.142 03.807 -11.072 -2.012 40.775 12.580 -8.221 -4.04 40.403 41.015

50.000 -00.433 -15.422 13.472 03.008 -11.703 -2.643 48.220 40.710 -0.700 -S.870 47.398 48.737

56.000 -73.071 -17.978 -2.410 75.077 -11.030 -4.11l 45.091 46.171 -12.503 -.0010 43.310 60.92?

00.000 -03.02? -15.005 14.900 06.382 -10.087 1.243 04.029 05.718 -10.335 -0.515 02.414 64.752

02.000 -30.306 -7.543 -3.203 40.247 -6.40 0.385 50.073 50.763 -10.761 -5.749 46.5085 49.616

04.000 -13.416 -3.212 -10.700 17.525 -4.085 0.413 34.210 34.583 -13.501 -4.374 30.511 33074

0W.000 2.137 -2.507 -20.011 20.406 -4.396 -0.971 17.138 17.719 -0.971 -3.581 13.100 10.029

60,000 12.111 -3.027 -20.353 31.021 -0.574 -2.260 10.559 12.047 -10.367 -3.080!.100 12.105

70.000 12.617 -4.421 -27.755 0.691 -8,991 -2.721 11.812 13.993 -11.004 -4.058 4.092 13.017

72.000 0.827 -2,877 -26.335 27.924 -5.142 -1.310 12.079 13.78 -11.5109 -4.060 5.172 13.461

74.000 3.302 -1.720 -32.445 32.064 -. 00 -2.4508 13.602 15.211 -13.307 -5.196 6.223 14.897

70,000 -2.964 1.218 -37.702 32.681 -0055 -2.050 21.202 22.317 -10.050 -7.40 0.456 22.003

76.000 -4.104 3.346 -30.907 31.417 -5.758 -2.701 20.452 27.215 -24.2905 -0.144 7.173 20.02

60.000 -0.700 4.606 -21.526 22.001 -3.903 -2.154 32.15 32.404 -20.250 -10.704 8.134 22.19?
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DIT1: 2 SIP 1908 7IGI 21

IU1 DISCIIPTIoI: IIAWLI 1; HSIC SLID TIS? SIMUL1AIOI
TOD BILT 1lE1SS 317 I IULLI?SOIO F01 DIS BOARD hag!: 22.01

TINICLI DICILIIATIOI: Si ICCLWUTIOI - 200 P1U

CRASR TICTIW: 9573 11UCIIII MI+E
POll? I[L. VILOCIT I 11./SC.)

POIT I 0.00, 0.00, 0.00) OI POll? 0.00, 0.00, 0.00) 01 Foly ( 0.00. 0.00, 0.00) O

SlowI to. 3- UT StOa" 0. 5- I 31iEEr IO. 5- I

7I11 If FEE 117CNlF ICI II . RPIUICI If UT I MIIIICl

3N1C) I T z iS I I z US I T z uS

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

2.000 0.357 0.000 -0.061 0.382 0.340 0.000 -0.002 0.355 -0.000 0.000 0.000 0.003

4.000 1.482 0.000 -0.168 1.091 1.403 0.000 -0.183 1.412 -0.020 0,000 0.000 0.020

8.000 3.308 -0.002 -0.320 3.30 3.332 0.000 -0.320 3.347 -0.037 0.002 0.000 0.037

6.000 0.010 -0.010 -0.534 8.034 5,944 -0.002 -0.510 5.097 -0.087 0.008 0.000 0.086

10.000 0,393 -0.024 -0.792 9.425 0,9175 -0.005 *0.704 9.307 -0.120 0.010 0.000 0.121

12.000 13.502 -0.046 -4.006 13.546 13.2 -0.010 -1.040 13.338 -0.211 0.036 0.000 0.214

14.000 18.360 -0.013 -1.4002 18.416 18,037 -0.010 -1.365 11.090 -0.332 0.057 0.000 0.336

16.000 23.966 -0.000 -1.65 21.040 23.520 -0.022 -1.712 23.593 -0.451 0.074 -0.001 0.405

1W000 30.316 -0.118 -2.300 30.111 29.701 -0.028 -2.230 29.615 -0,572 0.090 -0.001 0.579

20.000 31.426 -0.138 -2.913 37,539 3,747 -0.034 -2.754 30.651 -0.097 0.104 -0.001 0.704

22.000 45.254 -0.175 -3.05 45.360 44.47T -0.043 -3.311 44.001 -0.790 0.130 -0.001 0.80

24.000 53.424 -0.222 -4.410 53.606 52,614 -0.157 -4.225 52.963 -0.032 0.065 -0,001 0.635

20.000 2.7179 -0.204 -5.297 63.002 61.91t -0.307 -5.069 02.128 -0.605 -0.012 0.003 0.165

20.000 72.709 -0.176 -0.137 72.901 71.7"5 -0,010 -5.907 72.037 -0.045 -0.214 0.010 0.075

30.000 83.400 0.352 -5.015 03.00 02,451 -0.30 -6.0060 8.721 -0.06 -0.740 0.010 1.235

32.000 04.060 0.535 -7.240 94.360 92.727 -0.413 -7.110 03.097 -0.276 -0.957 0.011 1.020

34,000 104.880 0.071 -7.234 105.138 105.604 -0.633 -7.306 105.859 0.710 -0.706 0.097 1.006

36.000 110.510 -0.408 -7.2177 116.731 118.233 -0.084 -7.495 111.474 !.?21 -0.585 0.107 1.130

8.000 127.722 -1.024 -7.102 127.023 031.306 -1.474 -7.573 131.533 3.590 -0.474 0.404 3.643

40.000 130.233 -1.201 -6.715 130.400 145,087 -1.807 -7.440 145.200 5.809 -0.710 0.710 5.937

42.000 140.450 -0.680 -0.479 149.5092 158.571 -2.237 -7.528 158.705 0.070 -1,685 1,225 0,315

44.000 155.611 -0.036 -4.740 155.617 170.774 -1.712 -6.337 170.913 14.055 -2.100 2.198 15.163

06.000 157.720 -3.088 -1.115 157.754 181.675 -3.701 -3.203 181.743 23.090 -1,112 4.001 24.00

06.000 150.000 -4.584 3.013 19.213 191.001 -4,378 0.957 191.953 35.308 -0.762 6.503 35.027

50.000 141.124 -13.942 10.83 142.606 199.730 -5.636 13.452 200.301 57.525 5.185 12.814 59,103

57.000 122.105 -24.412 32.260 121.719 20.6700 -9.011 29.910 200.017 83.311 11.324 21.003 i5.900

50.000 04,373 -38.752 54.224 115.535 211.070 -12.200 58.91 2110.07 112.157 18.900 37.1279 110.701

50.000 03.040 -52.830 71.311 114.069 213,10? -10.371 01,124 232.099 11).171 23.077 55.509 154,673

58.000 17.937 -68.601 0.258 123.094 114.065 -11.715 126.800 2490.767 171.080 20.531 80.244 103.048

60.000 -46.765 -69,367 132.584 167.178 200.550 -25.937 160.066 270.875 231.362 2.911 120.360 206.591

62.000 -77.517 -101.219 145.352 103.355 203.6006 -30.570 209.855 203.086 252.303 25.208 154.004 200.904

04.000 -86.016 -107.303 145.031 201.33 199.040 -34.244 236.403 312.451 2490.303 19.440 183,055 310,304

06.000 -87.050 -309.588 135.430 194.758 198.297 -37.41 251.173 323.279 237.420 13.587 207.586 315.073

60.000 -81.206 -110.824 115.023 179.570 103.532 -30.190 251.153 327.466 120.626 9.256 230.003 316.091

70.000 -73.048 -113.242 00.482 161.084 169.212 -43.170 264.197 326.001 200.518 6.745 252.001 322.561

72.000 -68.100 -113.520 66.202 148.010 113.289 -40.712 208.2 32.190 1011.481 4.610 273.309 32.105

74.000 -67 003 -11.780 45.110 140.706 177.000 -50.470 271.956 321.435 167.90 1.761 295.644 340.002

70.00 -71.122 -116.052 20.340 130.107 166.505 -55.14 176.10 3217.105 156.313 -2.407 3220.202 358.401

78.000 -83.506 -110.413 -2.60 143.291 150.707 -61.731 261.259 325.049 143.615 -6.06 343.115 372.145

80.000 -00.414 -115.111 -20.631 117.820 330.393 -09.831 267.03 323,569 126.150 -10.910 300.066 362.017
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Dirt: 2 gU o8s ?10 !1
NUN DtSCIITIOI: i1l1LI : IlllC SLI tiMS SILA1OI

too lly iR SI 11T7IllMllifOID rot DAZI NOAW P101: 23.01

VIICI DiCKUATIOI; SLID ACCILIUIlOI - 200 7Iil
CLUSH VICTI: 9573 ?RiITILI MLI?

POlE1 IlL. LUll DISPlCIir I I1.)

POINT ( 0.00. 0.00, 0.00) 01 POll? 1 0.00, 0.00, 0.00) 01 POlNT 1 0.00. 0.00. 0.001 0
SIaOif l0. 3- IT S1I0T O. 5-! Sa IElT IO. 5- a

Tfil i viI I nrcI !1 UT LIMIc
lICl I I Z RES I I Z US I I z U1S

0.000 11.314 0.000 -26.938 20.21 7.775 0.000 -11.833 12.550 -0.022 0.000 -15.310 15.310

1.000 11.311 0.000 -1.931 20.110 7.775 0.000 -61.633 42.550 -0.022 0.000 -15.310 15.310

4.000 11.316 0.000 -20.938 29.21 7.777 0.000 -41.334 42.550 -0.022 0.000 -15.310 11.310

6.000 11.320 0.000 -26.030 29.221 7.782 0.000 -41.834 02.552 -0.023 0.000 -19.310 15.310

3.000 11.330 0.000 -26.010 20.225 7.701 0.000 -41.35 42.554 -0.013 0.000 -15.310 15.310

10.000 11.315 0.000 -20.941 20.232 7.606 0.000 -41.630 42.556 -0.022 0.000 -15.310 1.310

A 000 11.360 0.000 -1.043 29.243 7.028 0.000 -41.138 42.564 -0.022 0.000 -15.310 15.310

11.000 11.400 0.000 -26.945 29.25? 7.860 0.000 -41.840 42.57? -0.021 0.000 -15,310 15.310

16.000 11.442 0.000 -26.949 29.277 7.901 0.000 -41.844 42.563 -0.020 0.01 -15.310 15.310

18.000 11.406 -0.001 -26.953 29.302 7.054 0.000 -41.148 42.597 -0.017 0.001 -15.310 15.310

20.000 11.504 -0.001 -26.058 20.331 6.021 0.000 -41.853 41.614 -0.013 0.001 -15.310 15.310

7.000 11.646 -0.001 -26.065 29.372 0.102 #.0 -41.859 42.068 -0.011 0.002 -35.310 15.310

24.000 11.745 -0.001 -20.972 10.410 1.109 0.000 -41.866 42.66) -0.005 0.04 -15.310 15.310

26.000 11.801 -0.002 -26.002 29.474 1.314 -0.00) -11.176 42.693 0.003 0.006 -15.310 15.310

28.000 11,090 -0.003 -26.991 29.539 3.447 -0.002 -f1.617 41.730 0.014 0.016 -15.310 15.310

30.000 12.152 -0.003 -27.007 20.015 8.001 -3.003 -41.699 42.773 0.027 0.024 -15.310 15.310

32.000 11.330 -0.00) -27.021 10.701 3.777 -0.003 -41.913 42.822 0.044 0.032 -15.310 15.310

34.000 12.529 -0.001 -27.06 29.708 1.077 -0.004 -41.023 42.378 0.069 0.042 -15.310 15.310

38.000 12.750 -0.001 -17.050 29.05 9.200 -0.006 -41.043 42.940 0.101 0.053 -15.309 15.309

38.000 12.995 -0.003 -27.005 30.023 9.450 -0.006 -41.953 43.009 0.147 0.031 -15.308 15.300

10.000 13.262 -0.005 -27.079 30.S 0.716 -0.6)2 -41.903 43.085 0.201 0.111 -15.300 15.301

42.000 13.551 -0.007 -27.092 30.292 10.030 -0.016 -4.l 43.100 0.271 0.140 -15.303 15.306

44.000 13.857 -0.007 -17.104 30.441 10.360 -0.021 -42.002 13.261 0.371 0.19) -15.203 15.303

46.000 14.17) -0.011 -27.110 30.590 10.712 -0.017 -42.011 43.356 0.499 0.245 -15.11 15.293

48.000 11.406 -0.019 -27.101 30.735 11.016 -0.035 -41.014 43.452 0.659 0.307 -15.113 15.290

50.000 14.784 -0.037 -27.087 30.859 11.473 -0.046 -42.001 43.54) 0.86 0.380 -15.217 15.176

52.000 15.048 -0.075 -27.039 30.944 11.384 -0.082 -41.951 43.609 1.144 0.470 -15.201 15.252

54.000 15.166 -0.138 -20.953 30.975 11.302 -0.083 -41.873 43.643 1.497 0.561 -15.123 15.212

56.000 15.424 -0.230 -26.811 30.040 11.727 -0.111 -41.720 43.624 1.939 0.645 -15.010 15.148

58.000 15.520 -0.340 -26.611 30.834 13.158 -0.149 -41.507 43.543 2.446 0.714 -11.833 15.054

60.000 15.493 -0.507 -20.412 30.614 13.570 -0.197 -41.214 43.394 2.00) 0.751 -14.00 11.02A
62.000 15.301 -0.600 -18.130 30.319 13.003 -0.153 -40.831 43.104 3.548 0.697 -14,313 14.771

6 .000 15.193 -0.909 -25.037 29.917 14.305 -0.318 -40.382 42.372 4.104 0.585 -13.070 11.570

06.000 15.017 -1.126 -25.554 29.01 14.70 -0.390 -31.887 42.543 4.633 0.439 -13.570 14.354

66.000 14.841 -1.347 -21.302 20.38 15.180 -0.460 -39.371 3.199 5.107 0.285 -13.141 14.101

70.000 14.603 -1.560 -25.000 19.123 15.563 -0.541 -30.845 41.151 5.5218 0.131 -12.00 13.15

72.000 34.552 -1.795 -24.038 21.026 15.038 -0.639 -38.313 11.500 5.87 -0.01 -1.114 13.4190
74.000 14.417 -2.034 -21.824 28.776 16.297 -0.737 -37.771 41.145 6.17 -0.156 -11.604 13.147

76.000 14.275 -2.255 -26.759 2.688 15.811 -0.142 -37.215 40.781 6.401 -0.21 -13.038 32.767

78.000 14.118 -1.487 -24.742 18.595 18.956 -0.659 -36.667 40.43) 0.577 -0.302 -10.451 12.355

80.000 13.011 -2.710 -21.766 23.551 17.241 -1.000 -30.096 40.019 0.684 -0.491 -9.351 11.915

200



01: 2 l S PAG E' 26

ltII DISCIIP'IOI: IL LI I: IESIC I 11S1 Il TIO
?t III UliSs 3 ITflluLLISoIo FOE DI S 3I0130 P01: 11.01

VIEICLI DECRIoll0; SLID ICCELIUITIOI - 200 PIL
CusI 113: tSTI PiKIIlT1I MLl

St1f 13001* ICCglII*101 (IIIJSIC.1l)

St0lm I0. 3 - Ot SIOW1T Io. I - I S0EGIT o. 5 - I

tif I3 II WIIFIC1 it A 1IKIJI cI IN Vit IUIIKICI

INIC) T z s13 I t 2 us3 1 I z 1u

0.00 0.000 -0.137 0.000 0.137 0.000 -0.105 0.000 0.135 0.000 -0.185 0.000 0.185

2.000 0.001 -0.042 0.002 0.043 -0.001 -0.052 0.000 0.052 -0.001 -0.052 0.000 0.052

1.000 0.00 0.040 0.015 0.043 -0.006 -0.007 0.000 0.007 -0.006 -0.007 0.002 0.007

6.000 -0.004 0.247 0.049 0.252 0.021 -0.177 -0.001 0.178 0.020 -0.177 -0.005 0.178

6.000 -0.039 0.605 0.120 0.08 0.107 -0.305 -0.002 0.310 0.104 -0.305 -0.027 0.360

10.000 -0.060 1.18 0.277 1.223 0.221 -0.482 0.002 0.530 0.215 -0.461 -0.050 0.530

12.000 -0.116 1.611 0.416 1.060 0.33? -0.204 0.010 0.424 *.320 -0.261 -0.002 0.424

l1.000 -0.063 1.043 0.457 1.007 0,283 -0.730 0.020 0.714 0.262 -0.730 -0.036 0.734

16.000 -0.017 2.480 0.035 2.542 0.302 -1.430 0.043 1.462 0.303 -1.430 -0.020 1.462

10.000 0.006 2.569 0.004 2.673 0.141 -1.601 0.00 1.017 0.151 -1.610 0.026 1.617

20.000 0.037 2.973 0.610 3.120 0.102 -2.115 0.060 1.110 0.111 -2.115 0.051 1.111

22.000 -0.010 3.607 1.429 3.80 0.241 -3.04 0.105 3.106 6.202 -3.004 0.045 3.106

24.000 -8.600 7.157 4.700 12.173 1.761 -7.307 0.113 10.000 7.501 -7.307 -1.026 10.0I

26.000 -6.014 7.150 1.050 13.353 10.014 -1.144 0.30 132.011 0.813 -8.143 -1.02 12.111

26.000 -1.602 6.637 5.335 6.110 0.731 -7.028 0.450 7.0174 0.314 -7.621 0.260 7.974

30.000 -2.418 7.045 5.062 0.022 -1.071 -1.540 0.504 1.701 -3.765 -0.548 1.017 0.701

31.000 -5.516 18.506 11.211 22.301 6.11 -26.762 0.70 30.086 .134 -26.763 -1.2143 30.08

34.000 -5.766 14.342 10.697 16.077 8.685 -26.110 1.107 26.537 8.68 -21.117 -1.015 20.537

34.000 -10.236 20.115 12.610 25.817 15.101 -36.011 1.455 40.027 15.01N -36.013 -2.127 10.027

35.000 -27.300 26.301 i7.134 41.140 30.171 -51.030 1.603 60.000 29.806 -51.321 -5.111 60.000

40.000 -22.009 24.603 10.092 37.12 22.003 -57.712 2.44 61.143 21.006 -57.727 -2.171 01,613

42.000 -30.408 28.252 24.210 40.13 21.127 -71.025 2.906 75.223 11.654 -71.037 -2.441 75.223

44.000 -32.107 56.105 40.000 01.565 50.733 -130.188 3.603 145.311 50.213 -136.17 -1.335 145.311

41.000 -28.042 37.572 40.350 67.714 44.55 -141.630 5.635 155.301 14.04-141.605 -5.701 156.361

48.000 -20.702 -4.030 40.577 45.731 24.55 -140,938 7.474 152.055 24.671 -150.038 -0.423 152.055

50.000 -46.365 37.032 81.432 301.704 130.703 -302.280 11.200 333.10 130,788 -302.255 -10.074 333.110

52.000 20.100 1.412 77.469 00.696 60.70 -320.676 15.411 332.500 17.017 -320.666 -1.573 332.598

54.000 21.075 54.615 10.606 170.711 120.26S -436.411 21.046 455.10 120.241 -436.652 -12.223 455.100

50.000 15.709 22.276 164.664 167.130 113.112 -421.143 20.20 1414.14 113.270 -129.7" -4.310 414.14

58.000 -70.650 -73.615 -213.665 237.035 205.076 -427.000 30.746 475.117 204.444 -425.804 3.600 475.117

60.000 213.357 -262.105 320.674 77.804 -54.047 -384.330 30.460 362.208 -56.304 -368.063 -0.237 392.208

62.000 0.420 -23.362 27.240 05.430 -20.032 -306.005 42.503 303.070 -. 44 -302.770 1.10 303.679

04.000 14.445 -31.608 -63.265 81.723 -20.10 -163.464 40.66 16.070 -20.300 -167.272 10.665 160.670

66.000 -14.123 -03.81 -141.162 155.045 35.355 -125.696 37.342 135.66 24.5804 -131.014 20.957 13.99

68.000 -37.138 -24.558 -71.335 04.222 62.975 -179.t7 30.10 201.450 07.705 -160.059 30.04 201.450

70.000 -38.031 -05.178 -38.017 64.620 00.93 -166.521 37.777 103.473 66.035 -74.330 47.109 103.473

72.000 -58.153 -115.770 -40.676 135.661 05.466 -76.047 30.363 10.4127 34.102 -8.935 54.000 100.427

74.000 -73.056 -121.701 -33.034 152.100 71.7#0 -104.06 35.913 131.427 30.042- .111 52421 131.427

76.000 -108.613 -153.734 -12.236 11.102 65.677 -134.273 3S.027 163.38 46.123 -145.508 S7.501 163.36

78.000 -133.280 -152.796 3.154 202.707 006 -120.334 37.07 149.40 34.375 -133.402 58.120 146.640

80.000 -132.606 -117,00 3.030 177.457 51.234 -55.00 40.143 15.142 -0.345 -70.727 18.00 13.012
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0071: I 517? 1165 1001 30

501 DICIIflIOI: SLL 1: IASIC SLID YIS SIIUtIOS
?go IVY 1U130 VIT9 IIVDLLII O R list loin553 FICS. 25. 01

YASICL I OCgLIIAIOI: SLIP &CCILESAIO3 - 200 P1W
CWB OlCYIN: O573 POCITILI MALI

stO&I? IL. ADOULA YILCIfy (IIYtSfC.)

SMI0310. 3 - UT SIGUIT . s - I SEOEUTSO 1. 5 - I

TINE 111via UIRIcK 11 to IItuUICE 11 1 UiIESCI

(Ise) I T % S T z IRS 1 1 1 us

0.000 0.000 0.000 0.000 0.000 0.000 @.000 0.000 0.000 0.000 0.000 0.000 0.000

2.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

4.o0o 0.000 0.0oo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

4.ooo 4.000 0.000 4.00o 0.000 0.000 -0,001 0.000 0.001 0.000 -0.0"1 0.000 0.00!

6.000 0.000 0.00! 0.000 0.00! 0.000 -0.001 0.000 0.00! 0.000 -0.001 0.000 0.001

10.000 0.000 0.003 0.001 0.003 0.001 -0.002 0.000 0.002 0.00! -0.002 0.000 0.002

12.000 0.000 0.006 0.002 0.000 0.00! -0.003 6.000 0.003 0.001 *0.003 0.000 0.003

14.044 0.000 000 0.003 0.010 9001 -0,004 0.000 0.004 0.002 -0.004 0.000 0.004

16.000 0.000 0.0!! 0.000 0.014 0.002 -0.005 0.00 0.006 0.02 -0.006 0.000 0.000

16.000 0.000 0.010 0.005 CON1 0.003 -0.001 0.000 0.000 0.003 -0.000 0 000 0.000

20.000 4.000 0.004 0.000 0.025 0.001 -0.013 0.000 0.013 0.004 -0.013 0.000 0.013

22.000 0.001 0.031 0.000 0.032 0. 0 -0.015 -0. "1 0.010 0.005 -0.016 0.00! 0.010

24.000 -0.0!2 0.044 0.02! 0.050 0.016 -0.031 -0.003 0.035 0.017 -0.031 0.001 0.035

26.000 -0.026 0.050 0.033 0.072 0.033 -0.010 -0.007 0.057 0.034 -0.046 0.00! 0.057

26.00 -0.030 0.072 0.040 0.093 0.040 -0.062 -0.009 0.017 0.047 -0.062 0.002 0.011

30.000 -0.030 0.085 0.055 0.100 0.041 -0.075 -0.07 0140 1.014 -0.076 0.003 0.069

32.000 -0.027 0.132 0.075 0.130 0.045 -4.111 -0.000 0.123 0.045 -0.114 0.004 0.123

34.000 -0.040 0.146 0.102 0.185 0.007 -0,174 -0.010 0.167 0.067 -0.171 0.000 0.157

36.000 -0.076 0.180 0.132 0.230 0.105 -0.236 -0.018 0.256 6.106 -0.236 0.009 0.5

36.000 -0.114 0.231 0.174 0.311 0.151 -0.331 -0.025 0.367 0.150 -0.331 0.012 0.367

40.000 -0.130 0.277 0.2)2 0.376 6.100 -0.430 -0.031 0.461 0.202 -0.030 0.017 0.461

02.00 -0.172 0.326 0.260 6.452 0.230 -0.56S -0.035 0.614 0.110 -0.565 0.021 0.634

44.000 -0.390 0.409 0.346 0.571 0.265 -6.766 -0.04! 0.636 6.261 -0.706 0.026 0.616

00.000 -0.235 0.506 6.466 0.726 0.355 -1.056 -0.056 1.125 0.355 -1.056 0.035 1.125

46.000 -0.29 0.530 0.507 0.509 0.417 -1.355 -0.000 1.416 0.409 -1.355 0.05! 1.426

$0.000 -0.261 0.669 0.611 1.079 0.652 -1.033 -0.002 2.042 6.655 -1.933 0.000 2.4

52.000 -0.192 0.726 0.003 1.246 0.650 -1.556 -0.116 2.666 0.654 -2.556 0.090 1.696

54.000 -0.056 0.902 1.343 1.616 1.071 -3.411 -0.144 3.576 1.075 -3.41! 0.13 3.576

56.000 0.073 1.021 1.706 1.960 I.29 -4.190 -0.16! 4.403 1.300 -4.297 0.163 4.493

56.000 0.050 0.965 1.750 2.014 1.561 -5,149 -0.102 1.360 3.566 -5.344 0.240 1.30

60.000 0.636 0.350 2.155 2.170 1.565 -6.117 -0.179 6.32! 1.591 -6.109 0.325 6.32!

62.000 0.659 0.363 2.264 1.460 1.553 -6.660 -0.166 7,640 1.563 -6.652 0.406 7.040

64.000 0.909 0.342 2.211 2.456 L.491 -7.290 -0.171 7.443 1.51? -7.271 0.492 7.403

66.000 0.964 0.240 2.039 2.276 1.477 -7.552 -0.134 7.696 1.514 -7,524 0.570 7.066

66.000 001 0.147 1.665 2.095 1.503 -7.660 -0.072 6.014 1.806 -7.52! 0.602 1.010

70.000 0.623 0.060 1.617 1.96 1.706 -6.230 0.012 6.412 3.507 -5.164 0.730 6.412

72.00 0.764 -0.145 3.772 1.030 1.124 -1.920 0.110 1.722 1.675 -8.458 0.794 5.72

74.000 0.692 -0.414 1.720 1.00 .1.670 -6.677 0.222 1.651 2.095 _-6.566 0.866 5.65!

76.000 0.606 -0.733 1.711 1.963 3.971 -1.960 0.328 9.110 2.256 -5.649 0.939 0.180

76.000 0.491 -1.104 1.763 2.36 2.050 -9.250 0.445 6.492 3.126 -6.120 1.013 9.021

50.400 0.353 -1.420 1.629 2.347 2.069 -9.440 0.553 0.602 2.557 -6.265 1.090 6.692
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DI1'1 I M Ion t01 31

II DEsclFTlOI: IILu! 1: BASIC SlID UsT IlTI01
T11 OIL IS S Vt ITO TRIEILLIS011 701 DASI B0AD flg: 26.01

1IICU DICILET IOI : SLID AWCCLIITI01 - 200 1IW
CASE VICTI : 5IH FII TILI MI

SlPIr L. M NO DILAC1EWI (16)

SMIT go. 3 - UT 1tIfl0. 5 - I SiGNlIT0. 5 - I

UN3 if TIN RIllICIr II IN IIIrUNlCI II y IUIEII

(USIC) TAM FICI DOLL us3 TI MITCI OL 1. TI ITCI DOLL us

0.00 0.000 13.210 0.000 I3.2S0 0,00 13.40 0.00 13.460 0.000 0.100 0.000 0.180

2.000 0.00 13.210 0.000 13.200 0.000 13.400 0.000 13.400 0.000 0.180 0.000 0.180

4.000 0.000 13.210 0.000 13,260 0.00 13.160 0.00 13.460 0.000 0.100 0.000 0.150

0.000 0.00 13.280 0.000 13.200 0.000 13.450 0.000 13.150 0.000 0.10 0.000 0.160

8.000 0.000 13.280 0.000 13,20 0.00 13.45 0.00 13.450 0.000 0.170 0.000 0.179

10.000 0.001 13.281 0.000 13.211 0.000 13.450 0.000 13.458 -0.001 0.170 0.000 0.176

12.000 0.001 13.281 0.000 13.214 0.00 13.454 0.001 13.150 -0.001 0.171 0.001 0.171

14.000 0.003 13.200 0.000 13.200 0.00 13.451 0.001 13.454 -0.003 0.164 0.003 0.104

10.000 0.005 13.208 0.000 13.206 0.000 13.450 0.03 13.450 -0.005 0.152 0.005 0.151

11.000 0.000 13.310 0.000 13.310 0,000 13.415 0.05 13.445 -0.008 0.135 0.007 0.130

20.000 0.012 13.315 0.000 13.325 0.00 13.437 0.00 13.437 -0.011 0.111 0.010 0.113

22.000 0.018 13.345 0.001 13.345 0.001 13.41 0.011 13.421 -0.018 0.001 0.014 0.084

24.000 0.027 13.372 -0.003 13.312 0.001 13.100 0.011 13.400 -0.025 0.037 0.017 0.051

20.000 0.043 13.400 -0.017 13,40l 0.02 13.301 0.036 13.301 -0.040 -0.017 0.003 0.070

28.000 0.007 13.456 -0.042 13.458 0.003 13.343 0.007 13.343 -0.002 -0.113 6.124 0.170

30,000 0.007 13.513 -0.060 13.513 0.005 13.203 0.101 13.203 -0.060 -4.210 1.101 0.305

32.000 0.136 13.512 -0.005 13.583 0.008 13.127 0.132 13.12 -0.126 -0.354 0.257 0.455

34.000 0.103 13.075 -0.127 13.67 1,011 13.123 0.173 13.124 -0.171 -6.51 0.313 0.173

30.000 0,265 13.701 -0.115 13.705 0.017 12.701 0.237 12.060 -0.245 -0.013 0.471 P00

38.000 0.359 13.030 -0.243 13.046 0.013 12.775 0.333 12.7710 -0.332 -1.102 0.057 1.374

40.000 0.470 14.113 -0.330 14.136 0.031 1.50 0.404 11.500 -0.443 -1.020 0.010 1.90T

42.000 0.017 14.341 -0.440 14.304 0.041 12.140 0.628 12.156 -0.571 -1.110 1.220 1.172

44.000 0.707 14.601 -0.582 14.636 0.055 11.672 0.113 11.700 -0.757 -2.920 1.513 3.300

46.000 1.051 14.035 -0.730 14.07 0.01 11.017 1.01 11.047 -1.011 -3.003 3.055 4.511

46.000 1.353 15.315 -0.005 15.414 0,M 10.140 1,367 10.240 -I.30? -5.141 2.020 9.902

50.000 1.837 15.751 -1.063 15.012 0.03 8.075 1.755 9.14 -1.80 -6.738 3.301 7.03

52.000 2.445 16.203 -1.213 10.515 0.003 7.36 1.301 7.711 -1.548 -1.437 1.101 10.024

54.000 3.21 18.553 -1.270 17.117 0.077 5.221 2.041 6.017 -3.490 -11.531 5.140 12.01

56.000 4.376 17.54$ -1.225 18.157 0.024 2.443 3.846 4.55 -4.130 -14.054 .408 10.740

58.000 5.730 16.212 -1.016 10.232 -0.060 -0.050 4.67 4.000 -6.520 -10.021 7.025 21.188

60.000 7.108 18.725 -0.706 20.111 -0.203 -5.032 6.043 7.651 -0.457 -23.473 0.510 20.030

52.000 0.010 15.04 -0.161 20.027 -0.545 -0.713 7.210 12.079 -10.70 -21.287 10.003 31.113

04.000 10.087 10.035 0.500 21.003 -0.01 -14.111 6.405 16.114 -13.31# -33.524 12.207 30.700

66.000 12.664 19.097 1.381 22.106 -1.407 -20.131 0.632 22.235 -15.925 -30.041 13.770 42.330

68.000 14.320 10.070 2.120 23.692 -2.012 -25.041 10.04 217.755 -11.020 -44.470 15.523 *0.050

70.000 15.60 16.065 2.772 24.554 -2.600 -31.383 11.610 33.580 -11.08 -50.103 17.127 53.00

72.000 17.340 16.800 3.314 25.360 -3.016 -37.343 14.579 33.712 -25.351 -55.341 20.012 00.003

74.000 18.753 16.447 3.806 26.080 4.305 -43.104 16.370 46.004 -30.054 -01.504 25.131 6.000

70.000 20.091 17.006 4.127 26.00 -7.?01 -40.559 10.070 52.473 -30.534 -00.03 31.360 71.365

76.000 21.304 17.148 4.271 27.175 -10.113 -5.125 23.904 50.178 -40.425 -71.380 41.030 77.311

60.000 12.060 14.168 4.207 27.114 -14.704 -02.083 23.046 60.073 -02.537 -75.001 15.073 63.115
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DI I I si lol FIG 32

DATE: 2 SEPT 10ss PiGE 22

M8 DUSCIIFTIOI: lUL! I: ISSIC 3I15 TSIIWJUTIOI
T BET Dunss InT ETi11.isot1 VOl LA l0*3 Frm[: 27.01

VUICLE DICIUUTIOI: SLD ICCELIATIOI - 100 PEAl
CEASI VICTIM: 05TI IIITILI I1L

Join PAIAIETES

Join1tO. 3- It JOII IO. 4 -
TIN STTE JOInT 1A01,S (DIO) TOTIL TON ( II. I.) STII JOINT AJIS (NIO) TAL TORQUE (I U. LI.)

t(EC) Ir1, P1 .1l 12 1 IEi TOISIOl SMIIN VISCOUS US. DItl FLMIU AZIUI TOSI01 Stl VISCOUS US.

0.000 0. 10.10 0.000 0.000 0.000 0.000 0.000 0. 10.000 0.000 0.000 0.000 0.000 0.000
2.000 0. 10.161 0.000 0.000 0.000 0.116 0.118 0. 0.009 0.000 0.000 0.000 0.118 0.118
4.000 0. 10.184 0.000 0.000 0.000 0.190 9.10 0. 0.006 0.000 0.000 0.000 0.104 0.104
6.000 0. 10.160 0.000 0.000 0.000 0.241 0.2141 0. 0.991 0.000 0.000 0.000 0.283 0.203
8.000 0. 10.104 -0.001 0.000 0.000 0.221 0.224 0. .I8S 0.001 0.000 0.000 0.303 0.303

10.00 0. 10.107 -0.005 0.000 0.000 0.115 9.115 0. 0.979 0.002 0.000 0.000 0.284 0.264
12.000 0. 10.197 -0.013 -0.001 0.000 1.16 .10 1. 6.971 0.005 0.000 0.000 0.187 0.187
14.000 0. 10.102 -0.020 -0.002 0.000 1.401 0.401 0. 0.971 0.009 -0.001 0.000 0.112 0.112
10.000 0. 10.192 -0.042 -1.003 0.000 0.00 0.660 0. 9.970 0.012 -0.002 0.000 0.069 0.000
1.000 0. 10.100 -0.001 -0.004 0.000 0.977 0.977 1. 9.909 0.013 -0.003 0.000 .37? 0.072
20.000 0. 10.144 -0.061 -0.006 0.00 1.211 1.251 0. 9.9i 0.012 -0.004 0.000 0.101 0.104
22.000 0. 10.115 -0.104 -0.000 0.000 1.720 1.720 0. 9.901 0.009 -0.000 0.000 0.122 0.122
24.000 0. 10.060 -0.222 -9.013 1.000 3.586 3.506 0. 9.970 0.040 -1.009 0.000 0.111 0.771
21.000 0. 9.097 -0.530 -0.019 0.000 5.250 , 5.25 0. 0.977 0.134 -0.016 0.000 0.081 0.981
21.000 0. 9.907 -0.984 -0.020 0.000 0.000 0.000 0. 0.01 0.211 -0.024 0.000 0.456 0.458
30.000 0. 9.805 -1.331 -1.030 0.000 0.012 0.012 0. 9.97 0.136 -0.034 0.000 1.331 1.331
32.000 0. 9.571 -1.503 -0.058 0.000 9.057 0.057 0. 0.978 -0.039 -0.015 0.000 1.704 1.704
34.000 0. 9.440 -2.129 -0.084 0.000 14.463 14.403 0. 10.014 -0.105 -0.002 0.000 2.277 2.267
36.000 0. 9.152 -3.083 -0.113 0.000 16.71 11.72 4. 10.040 -0.075 -0.0811 .000 2.371 2.371
38.000 0. 1.707 -4.570 -0.147 0.000 26.352 20.352 0. 1A.095 -0.005 -0.122 0.000 3.006 3.606
40.000 0. 1.280 -4.012 -1.108 0.000 31.362 31.301 1. 10.140 0.007 -0.103 0.000 3.340 3.346
42.000 0. 7.099 -9.364 -0.240 0.000 37.757 37.757 0. 1117 -0.171 -0.212 0.000 1.202 1.202
44.000 4. 1.972 -12.870 -0.317 0.000 52.052 52.652 1. 1Wi.25 -0573 -0.260 0.000 7.167 7.801
40.000 0. 5.96 -10.515 -0.430 .ON 1.325 71.32 1. 10.445 -0.726 -1.352 0.000 11.132 11.132
46.000 t. 4.169 -30.851 -0.561 0.000 0.30 80.300 0. 10.127 -1.000 -0.461 0.000 10.199 10.009
50.000 0. 3.121 -54.577 -0.604 0.000 125.366 121.385 0. 10.957 -1.213 -0.617 0.000 25.143 25.143
52.000 0. 4.001 -05.947 -1.018 0.000 150.467 150.417 0. 11.411 -1.011 -0.839 0.000 25.934 25.934
54.000 0. 1.124 -127.0013 -1.502 0.000 193.182 103.1)S 0. 11.011 -0.704 -1.122 0.000 32.018 32.618
50.000 6. 0.00 -143.863 -2.064 0.000 21.520 210.519 0. 11.413 -0.721 -1.497 0.000 27.056 27.050
56.000 0. 13.078 -152.083 -2.741 0.000 235.004 33S.404 0. 12.563 -0.690 -1.004 0.000 216.095 26.005
60.000 0. 11.379 -157.625 -3.482 0.000 234.042 234.042 0. 12.544 -1.000 -2.446 0.000 28.518 20.511
62.000 1. 22.709 -162.803 -4.505 0.000 238.419 231.449 4. 12.127 -2.354 -2.954 0.00 43.760 43.760
01.000 0. 26.00 -157.023 -5.481 10.030 21.552 233.247 0. 11.004 -3.358 -3.057 0.000 73.426 73.428
66.000 0. 30.556 -170.002 -6.297 154.450 17.4104 324.073 0. 9.293 -4.188 -3.094 0,000 115.796 115.706
0.000 0. 33.331 -172.221 -1.82 A7.02 123.55 02.542 0. 6.430 -6.114 -4.250 0.000 175.281 175.261
70.000 0. 35.027 -173.763 -7.206 $02.714 87.15 559.233 0. 2.361 -19.607 -4.534 0.000 244.357 244.357
72.000 0. 35.552 -174.970 -7.502 493.630 30.690 404.721 0. 3.446 -162.475 -4.760 0.000 303.225 303.225
74.000 0. 35.540 -175.010 -7.607 460.002 .24.200 406.652 0. 9.415 -172.198 -4.000 0.000 300.302 300.392
70.000 0. 35.514 -175.681 -7.900 530.760 210.15 540.027 9. 15.394 -174.585 -4.06 0.000 299.760 209.780
76.000 0. 35.5 -177.344 -8.079 556.450 10.211 61.9120 0. 21.258 -175.602 -5.027 0.000 295.975 205.975
60.000 0. 35.704 -178.027 -6.10 579.271 24.058 506.413 0. 27.109 -176.275 -5.040 22.243 276.693 300.021
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AT: ! sin ms HU 33

INI ISCIIPTIOI: IIWLI I: ISIC SLID TS? SIIULATIOI
15 lILT IJ11S1S ITI gPIILLIISOIO FOR DIl Boi1s PlEI: 91.01

VIHICLI DICILIATIOI: SLID ICCIL1IIlOI - 200 IEAl
CRASS VICTIM: 05Ti PIFWIITIL! MALI

I Jo FOICISI TOQUNS 0 I II 1 IIEIUCi

tIE JOIIT V0IC[ I LA. 10o2) JOIST TOMB! ( I.- I. 10112)
(EIEC) I 1 z I T I

0.000 0.000 0.000 -0.126 0.0001000 0.000 O 0.00000
2.000 0.000 0.000 -0.129 -0.1190-04 0.1180-02 0.2320-07

4.000 0.001 0.000 -0.134 -0.9390-07 0.1110-03 0.7050-06

6.000 0.002 0.000 -0.142 0.2730-04 0.2030-01 0.570-05

6.000 0.001 0.000 -0.148 0.110-03 0.3039-02 0.2580-04

10.000 0.001 -0.001 -0.156 0.2380-03 0.113D-02 0.7250-01

12.000 -0.001 -0.001 -0.1I 0.3650-03 0.1630-01 0.1600-3
14.000 -0.003 -0.001 -0.181 0.3130-03 0.1011-02 0.510-03

16.000 -0.005 -0.001 -0.100 0.2970-03 0.450-03 0.4270-03

18.000 -0.005 0.000 -0.202 0.1480-03 1.3700-63 0.6010-03

20.000 -0.007 0.000 -0.10 0.5031-05 0.051-03 0.1000-03

22.000 -0.010 -0.001 -0.211 0.0700-04 0.5740-03 0. 1070-02

21.000 -0.021 -0.021 -0.213 0.6750-02 -0.3250-02 0.1110-02

26.000 -0.027 -0.028 -0.270 0.8130-02 -0.3019-02 0.3050-02

21.000 -0.020 -0.002 -0.251 0.1000-02 -0.4140-03 0.4101-02

30.000 -0.020 0.004 -0.263 -0.1150-01 0.3300-02 0.500-02

32.000 -0.007 -0.027 -0.164 -0.1050-01 -0.1000-01 0.7760-02
34.000 -0.000 -0.020 -0.153 -0.1500-02 -0.1980-01 0.100-01

36.000 -0.123 -0.043 -0.131 0.500-02 -0.1020-01 0.1410-01

35.000 -0.107 -0.086 -0.117 0.1211-01 -0.21670-01 0.1120-01

40000 -0.187 -0.065 -0.200 -0.4350-02 -0.1240-01 0.2270-01
42.000 -0.135 -0.06 -0.200 -0.2070-01 -0.2390-01 0.2770-01

44.000 -0.440 -0.151 0.231 -0.2000-01 -0.075D-01 0.3503-01

40.000 -0.470 -0.133 0.160 -0.0060-02 -0.0920-01 0.1009-01
46.000 -0.481 -0.071 0.423 -0.4090-01 -0.7850-01 0.6530-01

50.000 -0.04 -0.400 1.929 0.4750-01 -0.2200o00 0.0270-01

52.000 -1.025 -0.250 2.650 0.3330-01 -0.22170000 0.1229.00
54.000 -1.400 -0.348 1.026 0.4170-01 -0.2010#00 0.1010400

56.000 -1.393 -0.331 5.514 0.3790-01 -0.108000 0.2080900
56.000 -1.410 -0.595 5.141 0.0100-01 0.1000-01 0.340,o04

60.000 -1.200 0.123 7.496 -0.9700-01 0.1110400 0.146000
02.000 -1.040 0.016 5.730 -0.6070-01 0.330#.00 0.240400

04.000 -0.656 0.016 3.853 -0.00-01 0.0920#00 0.2410100
06.000 -0.600 -0.153 1.823 -0.4000-01 0.1140401 0.2029#00
68.000 -0.887 -0.314 1.048 -0.1230+00 0.17401 0.1710100
70.000 -0.950 -0.360 1.210 -0.25o00 0.142001 0.1560000

73.000 -0.758 -0.321 1.329 -0.3800#00 0.300D101 0.1430#00
74.000 -0.642 -0.344 1.401 -0.3440#00 0.2060o01 0.097D-01
76.000 -0.039 -0.393 1.363 -6.3400.00 . 0.20o01 0.6050-01

76.000 -0.684 -0.367 3.033 -0.3379O00 0.2040o01 0.053D-01
60.000 -0.676 -0.311 3.736 -0.3520+00 0.290D01 Ol0.410-01
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VAlyl 2 SIts#ll PG 34
IN DISCIII'101: 1IIWU 1: BASIC SLID YES SIL*?I01

?ID SILT UISS MITI MTIULLI?SOID Fos VASE 50813 PIGS: 20.01
VUBICLI DCILAAI10I: SLID £CCILIITIOV - 200 P1W

CWSI VICTIM: O5TI ?IICMIILl MUL
say~ nor is- urgmt stafll to. 16 (YEN

IICLIIOISIONIINOS: 1 2 3 4 5 1 1 1 1 10 1 1113 1415

CilT!! of (11ITY WlIRWUOIN 110111.1 U)IWU 111171C [PEROT
?IMR 111.) 1ILa.-StC.) ( Ii.- LU-SIC.) I I..- 11.)

IEIC) I 1 2 1 T 2 1 r t Unit IJLlI TOTAL

0.000 18.183 0.000 -20.231 0.0000030 0.6001300 6.000000 0.6000'00 0.0000000 0. 00,00 0.0000.00 0.00000 0.0000.000
2.000 11.183 0.000 -10.131 -0.2510-O1 0.20D-06 0.723H44 *0.6000-04 0.I197D-01 0.3043-VS 0.3820-01 0.495D-02 0.43111-01
4.000 18.105 0.000 -20.131 -0.113004 -02100-04 -0.6650-03 -4.0410-03 0.03000 0. 15BD-01 0.509440 0.340D-01 0.5304.00
0.000 18.189 0.000 -20.231 -0.290oD'0 -0.442D-03 -0.3200-O1 -0.123-01 0.3413001 0.1540-02 0.26201 0.1370#00 0.2560#01
1.000 11.1117 0.000 -20.131 -0.5433.00 -0.2010-02 -0.8120-01 -0.5543-01 0.7300101 -0.4720-02 0.75411#01 0.30D00 0.793DO0I
10.000 11.110 0.000 -20.232 -0.8#1300 -0.4070-02 -0.1073000 -1.1383.00 0.1270#02 -0.161D-0l 0.1140#02 0.0421#00 0.191D#02
12.000 16.230 0.000 -20.233 -0.118D0I0 -0.011-02 -0.1830,00 -0.2753#00 0.143.02 -0.4410-01 0.3143.02 0.1550.01 0.39911#02
14.000 18.157 0.000 -20.234 -0. 1550401 -0. 1500-01 -0.135300 -0.4160#00 1.271D#02 -0.7400-01 0.7170l02 0.147101 0.7421,02
16.000 18.204 0.000 -10.238 -0,1503.01 -0.10-01 -0.622300 -0.54000 @.366.02 *0.92511-01 0.1130#03 0.3850#01 0.1270403
11.00 18.302 0.000 -20.230 -0.2300001 -0.143D-01 -0.64400 -0713.00 0.160.02 -0.123004 0.2000#03 0.119#01 0.2050.03
20 000 11.402 0.000 -20.242 -0.2170001 -0.28-01 -1.1100l0 -0.7000 0.5801.02 -0.134300f 0.307D#03 0.69001 0,3140103
22.000 18.476 0.000 -20.247 -0.34011#0l -0.3503-01 -0.1400#01 -0.0620.00 0.713D.02 -0.0570,00 4.451D#03 0.02311,01 0.411003
24.000 18.504 -0.001 -20.253 -0.4010#01 -0.3500-01 -1.163D#01 -0.1S4300 0.5503020 0.2040.00 0.641D#03 0.118D#02 0.853D#03
26.000 16.660 -0.001 -20.260 -6.46311401 -0.3653-01 -0.2170#01 -0.151110I 0.1050403 0.60711#00 0.4163.43 0.146002 0.0000
28.00 10.702 -0.001 -20.210 -0.5150.01 -0.2040-02 -0.27000I1 -0.2201401 0.121003 0.141D#01 0.120#.04 0.1790,02 0.1221)4
30.000 184033 -0.001 -20.250 -0.5000I 0.0733-01 -0.3110001 0.4633.00 0.139D,03 0.256I0.01 0.1553.04 0.2100.02 0.1601,04
31.000 It. 095 0.000 -20.202 -0.5010.01 0.1323.00 -0.341301 0.143001 0.1800033 0.4010#01 0.2043#04 0.2643902 0.2060.04
34.000 10.276 6.000 -20.308 -0.0200601 0.5133-01 -0.30101 0. 240#00 1.119003 0.4550#01 0.2563094 0.3130.02 0.2503.04
36.000 10.411 0.00 -20.320 -0.98041.0 0.285D-01 -0.4I0o0I -0. 150.01 0.2263.03 4.62100l 0.3153044 0.463D#02 0.3200.04
36.000 10.704 0.001 -20.336 -0.12#02 0.1010-01 -0.4543.01 -0.1063.01 0.2770.03 0.14010 .3700#04 0.7210.02 0.3863004
40.000 111.046 0.001 -20.354 -0.14000 0.314000 -0.4043.01 0.27230I0 f.3333##3 0.173.0 0.4803.0 0.1040#03 0.4601001
42.000 20.212 0.003 -20.373 -0.1800402 0.767300" -0.5413.01 0.1509,02 0,4000.03 0.275900 0.5200004 4.1360N03 0.5330.04
44.000 20.402 0.007 -20.303 -0.2200902 0.1030.01 -0.537D401 4.135002 0.4130.03 0.3770.02 1.5760404 0.166903 0.503D#04
46.000 20.762 0.010 -20.412 -0.272D402 0.12511#00 -0.46230Il 0.2109#01 0.5533.02 0.4273.02 4.613044 0.1120,03 0.630#.04
48.300 21.078 0.014 -20.426 -0.3360.02 0.1030401 -0.3131#11 -0.1189#01 0.6003.03 0.5I0Dol2 0.6230.04 0.2063.03 0.6443040
50.000 21.300 0.015 -20.431 -0.4310#02 -0.477001 *.1200#01 -0.5583.02 0.6003.03 0.0#3902 0.5889.4# 1.1$1003 0.0)43.04
52.000 21.644 0.010 -20.416 -0.5453.02 -0.240001 0.80711401 -0.12303 0.10411#04 0.1913012 0.53004 0.38311.03 0.5750.104
54.000 21.5894 -0.005 -20.377 -0.68511002 -0.5453101 0.1453.02 -0.1113.03 1.1263.04 -0.0273.01 0.4913044 0.6730.03 0.5550#04
56.000 22.111 -0.030 -20.300 -0.6343002 -0.3520.0l 0.2200.0 -0.2050.0 o.151041 -0.31460 1.471D104 0.1040,04 0.5740.04
56.000 22.200 -0.000 -20.110 -0.0913.01 -0.135D#01 0.279300 -0.4110#03 0.1703.04 -0.7070.02 0.4760.04 0.1280.04 0.6040104
60.000 12.406 -0.120 -20.000 -0.1250003 -0.1821#01 0.3753#02 -0.5243103 0.2273.04 +01204.3 0.581300 0.2013#04 0.7620.01
62.000 22.463 -0.102 -10.012 -0.1400401 -0.2203.01 0.3023002 -0.6010#03 0.25004 -0.14611403 0.6550.04 0.2263#04 0.613.04
64.000 22.467 -0.287 -10.510 -0.1500#03 -0.237100 0.3700.02 -10473.0 0.284004 -1.140003 0.673304~ 0.2223.904 0.6060.04
66.000 22.400 -0.376 -10.683 -0.15811403 -0.24111#01 0.3110#02 -1.0503903 0.30611.04 -0.1450.03 0.640.04 0.2060.04 0.640600
58.000 12.476 -0.465 -10.584 -0.160003 -0.230.02 0.1203 -1.6$63403 0.3250.04 -0.1440.33 0.579004 0.18004 0.7658004
70.000 22.446 -0.552 -19.523 -0. 1710.03 -0.2350.02 1.11402 -0.61303 0.3483.04 -0.If13.03 0.520#04 0.177D401 0.70301104
72.000 22.406 -0.640 -19.405 -0.17511403 -0.2370.02 0.4I61 -0.6463.03 0.3603.04 -4.1410.03 0.4513041 0.164004 0.6453.04
74.000 22.358 -0.726 -10.490 -0.1533.03 -0.1236040.1.130300 -0.06403 0.3000.04 -0.147003 0.4533004 0.1504.4 0.6040.04
76.000 22.200 -0.616 -10.505 -0.1630,03 -0.2300.02 -0.639#.01 -0.6480.03 0.3770.04 -0.156003 0.4433.04 0.143304 0.5573.04
76.000 22.233 -0.005 -10.537 -0.1550003 -0.2423#01 -0.1140102 -0.6550.03 0.383D#04 -0.1060403 0.4563004 0.1101.04 0.6023.04
60.000 21.105 -0.005 -19.568 -0.1560403 -0.2440002 -0. 1610.02 -0.600,03 0.38004 -1.170#0.3 0.177004 0.1550# " 0.032D.04
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011: 2 fT 1961 lot 35
1I1 Dr CIIOl: IE I 1: l3C I,19i TUT2 IEIATIOI

1 lLY Il tINSS 11'1 ITPILLIPSOI 101 D11 MAU It101: 38.01
T1IIIC . DICLUITIOI: SLU ACCILIJATIOI - 200 fU

CEAI1 LCTIIl: 15711 PAEITLI MIL
corncy foES - Stam7 MLSii VS. Simm

rim3 I (SLT. 6 DEGREE 0"1 3) VS. stuff1 I ( LI ? lM. I (liA?. 6 DmgRE 01" I) iS. S1l0il 6I IO
DL- NORlAL YIICTIOI USLTIIT CORIC LOCTIOI ( 11.) NFL- UluL Il1O ULIrV COETAC? LOCATOI 1 11.1

ill 1C0IO3 FORCl FOClE FORCI (111 IEVEIIC3 R101 FOI1C 103w1 VlCE (IVU IEFRwI KI)
INSIC) 1 11.) 1 Ll.) I Ii.) I La.) I t I 1 II.) (U.) UL.) ( Lt. I I T t

0.000 0.451 137.10 0.00 137.10 14.371 0.00 -10.09 0.21 20.34 0.00 2.94 24.725 3.410 -11.54
2.000 0.458 137.02 8.04 137.31 14.373 .0N -11.450 0.250 31.12 C.90 31.2 24.72S 3.420 -11.545
4.000 0.456 135.8 27.513 13.60 14.375 9.00 -10.450 0.150 30.60 15.31 39.73 24.720 3.420 -I345
6.000 0.456 136.72 46.60 144.44 14.380 1 .00 -10.480 0.250 44.22 32.11 49.44 24.721 3.420 -11.545
5.00 0.457 133.78 64.13 153.1 14.390 1,00 -10.461 0.15 53.10 25.65 S7.60 24.72 3.420 -11.541

10.000 0.458 144.10 72.20 161.55 14.407 0.00 -11.462 0.251 SI.3 20.16 65.24 24.73? 3.420 -11.140
12.000 0.458 352.46 76.24 170.4 14431 0.00 -10.461 0.252 63.63 31.63 71.36 14.737 3.420 -I1.546
14.000 0.458 163.71 60.85 380.60 14.464 6.00 -10.400 .153 66.31 34.11 16.44 24.744 3.420 -13.547
16.000 0.450 71.3 86.19 191.73 14.506 0.000 -10.473 1154 71.3 36.0 0.04 14.755 3.420 -11.54
16.00 0.450 384.02 02.03 205.74 14.505 -$.001 -10.0 51 1.t 5 71.11 31.8 M 3.9" 24.770 3.410 -11.550
20.000 0.40 I3.74 91.37 2109A 14.035 -0.001 -10.486 0.356 76.14 35.1 15.14 14.700 3.420 -1.552
22.00 0.461 211.45 105.72 130.41 14.720 -. 401 -10.405 0.217 74.47 37.23 83.26 24.016 3.420 -3.55S
24.000 0.463 100.50 300.25 224.37 14.822 -0.001 -10.506 0.257 6.45 33.11 14.29 24.30 3.420 -11,558
26.000 0.464 I.4 ".172 222.00 14.942 -0.01 -0.510 0.21? 5.04 20.32 1 5.56 26.031 3.40 -11.563
28,000 0.465 207.60 103.4 232.41 1.01 0,000 -l333 0.25 49.00 2H S 55.70 14.042 3.420 -13.566
30.000 0.466 228.27 114.13 255.21 15.242 1001 -10.550 0.355 1.48 22.74 50.35 25.002 3.426 -I1.574
31.000 0.468 279.13 139.76 332.52 15.424 0.000 -10.5 0.253 53.74 28.17 60.06 25.060 3.421 -31,51
34.00 0.47? 356.0 17.34 398.78 15.030 .1 -36.501 0.251 53.37 26.90 60.35 25.3 3.421 -3,560
36.000 0.476 446.62 224.33 501SI 15.15 0,036 -10.635 0.246 38.40 30.10 42.93 IS.207 3.41 -II,5H
38.000 0.415 560.72 230.30 626.00 16.11 0.070-10.6,13 0.244 37.33 36.33 41.20 15.272 3.422 -11.603
40.000 0.406 634.27 317.14 700.34 18.385 0.146 -10171 .233 I51.7 31.1 72.17 15.314 3.424 -131.06
42.000 0.10 684.9 331.1 743.44 16.670 0.23? -10.701 0.131 16.40 44.70 ".A 31.364 3.41 -11.61
44.000 0.517 703.43 351.70 756.43 II 5 0.346 -10.733 0.23 113.38 50.1 133.47 25.363 3.434 -311,63
46.000 0.551 750.42 376.23 645.73117.293 0.460 -16.765 0.217 317.61 76.63 176.23 25.402 3.441 -13.616
46.000 0.585 626.82 414.31 926.43 17.502 6.587 -I.1 0.12 10114 300.57 224.04 25.304 3.451 -13.6tS
50,000 0.624 022.03 401.41 1031.4 17.667 -.83 -10.626 0.115 130.1 I35.3 2S7.14 15.3" 3.464 -11.63
53.00 0.705 1013.08 523.14 3366.20 11.102 0630 -10.150 0.215 12.76 334.6 256.6 25.321 3.40 -33.606
54.000 1.0 10.42 545.21 3239.33 16.285 0.520 -10.86 0.227 275.31 337.65 307.0 15.267 3.407 -11.602
56.000 0.042 3085.53 51.175 3233.84 16.41 0.300 -11.183 0.237 211.3 143.0 311.18 21349 3.54 -1,t0o
16.00 1.113 3255.03 627.50 1403.14 18.483 0.134 -30.60 0.283 330.30 350.55 356.77 24.327 3.526 -13.567
80.000 1.323 3410.74 725.37 3623.0 33.49? 1037 -10.12 6.311 360.55 114.76 413.17 14.563 3.516 -11.1l
62.000 1.576 3627.33 333.07 2043.02 11.416 -0.132 -I1.11 0.373 440.36 120.0 402.11 4.222 3. -.SII4-.3
04.000 1.625 2293.3 33468 2564.01 16.45 -0.37 -1.107 1.443 £71.51 US.79 639.04 23.80 3.417 -11,453
66.000 1.046 2723.02 1363.1 3044.43 16.43 -0.117 -I0.8 0.11 741.6 37113 633.61 23.500 3.AM -1.416
68.000 2,2117 3434.00 1717.05 3630.43 16.411 -0,20 -10.83 6. .55 85 3, 441.00 1001.07 23.230 3.135 -11.386
70.000 1.316 380187 39 .3 4250.62 11.370 -0.6 -10.873 6.54 304.7 315.40 340.37 23.046 3.413 -11.360
72.000 2.350 260.01 1464.52 3311.46 18.30 -0.277 -10.171 0.505 2706 13.50 313.61 22.951 3.401 -11.300
74.000 2.342 2947.61 3473.80 3295.31 16.211 -6.17t -10.61 01.531 113.1 I.0 213.06 22.045 3.100 -11.353
76.000 2.22 213.26 210.73 2850.04 18.12 -0.27# -1.353 0.436 106.33 54.1 21.11 23.013 3.3" -11.366
76.000 2.180 246.30 333.57 2690.65 36.036 -0.292 -10.843 0.326 45.50 12.76 5O03 23.363 3.300 -11.381
80.000 2.030 2483.71 235.32 2472.06 17.354 -0.332 -10.135 0.131 1.66 0.33 20.1 13.244 3.3 -1,3 .00
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BITS: 2 SanT l9s FAl30
Ig DISCIIP?301: IAUWL 1: BASIC SLIP TST $IILATI01

TOO ILf WESS Fill ETPIELLIM1SOi1 P01 DISE 3D0 P101: 31.01
VwilCLE DIILEI*UIO: SLID ,CC1LlUTIO1 - 200 FU

CusI VICTIM: IST PCITfLI AI
COE? FOICES " SOMET M AI IL . ImTS

PAlD. I 1311T. H loIff 1?) is. Sa17 I I LOU) POL 2 I(CK PAL. 13 01611 TS. S0Marr I ( LT)
DiL- IOIA L mlnI ol USOAI conic? L0(AT3OI (0B.) DIMI.- IOlML FlICTI0I IISILTAIt CONTACT LOC0IC0I 11.3

M11 ICTIOI VOiC VOIaC VOIrE (TOr ilVlelEI ICTiOI VOI E POiCI VrOI (vIa IIFIUDC)
(l C) 1 11.1 (L.) I LA.) (LU.) I T z (11.) 1 I.) (I.) (LI.) I I Z

0.000 0.250 20.01 0.00 20.01 24.725 -3.420 -11.545 0.055 2.77 0.00 2.71 0.362 0,000 -12.074
2.000 0.250 31.23 5.00 31.02 24.725 -3.420 -11.545 0.055 2.76 0.40 2.79 9.362 0.000 -12.674
4.000 0.250 30.71 15.41 39.61 24.728 -3.420 -11.545 0.054 2.88 0.07 2.65 6.382 0.000 -12.675

0.000 0.250 44.24 21.12 40.40 24.727 -3.420 -11.545 0.050 1.51 1.25 2.60 BO .362 0.000 -12.070

6.000 0.251 51.74 25.87 57.4 24.729 -3.420 -11.540 0.044 2.18 1.09 2.44 0.382 0.000 -12.077

10.000 0.251 58.41 23.21 65.30 24.732 -3.420 -11.546 0.033 1.05 0.03 1.05 9.301 0.000 -12.660

12.000 0.252 63.01 31.95 1.45 24.737 -3.420 -11.546 0.011 0.66 0.43 0.06 9.360 0.000 -12.684

14.000 0.253 08.45 34.23 76.53 14.744 -3.420 -11.5417 -0,00 0.00 0.00 0.00 0.000 0.000 0.000

16.000 0.254 72.21 38.10 60.73 24.755 -3.420 -1.3548 -0.038 0.00 0.00 0.00 0.000 0.000 0.000

16.000 0.255 75.10 37.00 14.07 24.770 -3.420 -11.550 -0.077 0.00 D.00 0.00 0.000 0,000 0.000

20.000 0.256 76.31 30.10 05.32 24.790 -3.420 -11.552 -0.128 0.00 0.00 0.00 0.000 0.000 0.000

22.000 0.257 74.63 37.31 63.43 24.115 -3.420 -11.555 -0.102 0.00 0.00 0.00 0.000 0.000 0.000

24.000 0.257 05.16 32.50 72.87 24.640 -3.420 -11.550 -0.20 0.00 0.00 0.00 0.000 0.000 0.000

20.000 0.257 50.40 26.20 03.00 14.611 -3.420-11.503 -0.361 0.00 0.60 0.00 0.000 0.000 0.000

28.000 0.250 47.59 23.70 53.20 214.043 -3.120 -11.560 -0.472 0.00 0.00 0.00 0.000 0.000 0.000

30.000 0.254 34.68 17.34 36.76 25.005 -3.420 -11.575 -0.601 0.00 0.00 0.00 0.600 0.000 0.000

32.000 0.252 30.41 15.21 31.01 25.070 -3.416 -11.562 -0.74 0.00 8.0 0.00 0.000 0.000 0.000

34.000 0.141 29.66 1 4.63 33.10 25.366 -3.410 -11.562 -0.010 0.00 0.00 0.00 0.000 0.000 0.000

A.000 0.241 28.14 14.07 31.48 15.280 -3.410 -11.604 -1.108 0.00 0.00 0.00 0.000 0.000 0.000

38.000 0.227 25.04 12.72 21.04 25.4126 -3.411 -11.616 -1.317 0.00 0.00 0.00 0.000 0.000 0.000

40.000 0.200 21.30 10.65 23.81 25.615 -3.415 -11.63 -1.546 0.00 0.00 0.00 0.000 0.000 0.000

41.000 0.170 136.0 6.45 1.869 215.80 -3.411 -11.063 -1.794 0.00 0.00 0.00 0.000 0.000 0.000

44.000 0.147 12.03 6.01 13.05 26.130 -3.405 -il.693 -2.056 0.00 0.00 0.00 0.000 0.000 0.000

40.000 0.112 6.67 3.43 7.08 16.435 -3.300 -11.725 -1.321 0.00 0.00 0.00 0.000 0.000 0.000

48.000 0.080 3.00 1.09 4.46 20.760 -3.340 -11.756 -1.001 0.00 0.00 0.00 0.000 0.000 0000

50.000 0.054 2.76 1.30 3.11 27.006 -3.372 -11.785 -2.604 0.00 0.00 0.00 0.000 0.000 0.000

52.000 0.051 58.03 20.48 05.88 27.020 -3.355 -11.700 -3.104 0.00 0.00 0.00 0.000 0.000 0.000

54.000 0.076 64.06 42.04 04.01 28.606 -3.335 -11.747 -3.311 0.00 0.00 0.00 0.000 0.000 0.000

50.000 0.137 136.11 0.06 154.41 26.015 -3.313 -11.061 -3.470 0.00 0.00 0.00 0.000 0.000 0.000

50.000 0.221 105.60 82.60 15.14 25.312 -3.292 -33.607 -3.409 0.00 0.00 0.00 0.000 0.000 0.000

60.000 0.353 141.11 74.06 165.60 14.005 -3.280 -11.533 -3.095 0.00 0.00 0.00 0.000 0.000 0.000

62.000 0.522 357.14 176.57 32.30 23.920 -3.200 -11.401 -3.717 0.00 0.00 0.00 0.000 0.000 0.000

64.000 0.601 60.41 343.24 707.50 23.446 -3.290 -11.411 -3.764 0.00 0.00 0.00 0.000 0.000 0.000

60.000 0.819 1246.33 823.1 1303.44 23.155 -3.301 -11.380 -3.811 0.00 0.00 0.00 0.000 0.000 0.000

66.000 0.905 109.67 849.04 1000.52 12.094 -3.313 -11.304 -3.626 0.00 0.00 0.00 0.000 0.000 0.000

70.000 0.924 756.55 370.27 !48.06 22.032 -3.322 -11.357 -3.137 0.00 0.00 0.00 0.000 0.000 0.000

72.000 0.666 710.46 355.23 704..! 22.36 -3.329 -11.356 -3.638 0.00 0.00 0.00 0.000 0.000 0.000
74.000 0.14 011.98 305.90 680.21" 22.092 -3.333 -11.363 -3.131 0.00 0.00 0.00 0,000 0.000 0.000

70.000 0.713 477.80 238.03 534.26 23.000 -3.334 -11.374 -3.611 0.00 0.00 0.00 0.000 0.000 0.000

78.000 0.501 311.21 157.11 351.30 23.266 -3.333 -11.302 -3.703 0.00 0.00 0.00 0.000 0.000 0.000

80.000 0.450 126.50 03.21 11.50 23.529 -3.333 -11.420 -3.762 0.00 0.00 0.00 0.000 0.000 0.000
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DITl; I SIPT IIs PiaE 31

InI PisceiiOl: IUIIW I 1: BASIC SLID TrST SIUJTOI
T1 IL? ElSISS MITI ETP[II[ O II F POE I BOARD 1l 11 32.01

VISICLI DICILIIATIOI: SLID ICCILIUTIOI - 206 PUSK
CASI VICTIM: 95TE FIPCKILI lULE

CoaC? OICIS - SNEi P1II1 VS. SIWITS

PUl I IIACi 1 AL. 13 DIN VS. SiEN? I ( Cr P)1L 2 (BICK FP13L. 13 01011 IS. SCIMIT 3 I UT I
D111- MOIUL F1ICTICE IISOLTAI COUTC? LOCATION I 11.) DL- lO1LE. FICtIOI IlSULIT COPTIC? LOCTIOlI (I1.)

?I ICIOI FOC! OICEl FDICE Ill liEEIIl) ICOIO E OICK VOCI VOICl (YES RIFIRICI)
(EIC) ( 11.1 1 LI.) (I.) I I.) I T Z (11.1 (LI.) (L.) ( LI.I I T Z

0.000 -0.312 0.00 0.00 0.00 0.000 0.000 0.000 0.133 1.0 0.00 9.90 6.151 0.000 -. 60s
2.000 -0.313 0.00 0.00 0.00 0.00 0.000 0.000 0.131 0.67 0.06 9.67 1.151 0.000 -16.06
4.000 -0.314 0.00 0.00 0.00 0.000 0.000 0.000 0.131 1.61 0.75 0.64 6.151 0.000 -26.665
6.000 -0.320 0.00 0.00 0.00 0.000 9.00 0.000 0.111 8.00 1.74 9.07 0.151 0.000 -10.004
8.000 -0.330 0.00 0.00 0.00 0.000 0.000 0.000 0.111 7.53 2.55 7.91 5.152 0.000 -10.663

10.000 -0.347 0.00 0.00 0.00 0.000 0.000 0.000 0.103 5.15 2.42 5.77 6.152 0.000 -26.01
12.000 -0.372 0.00 0.00 0.00 0.000 0.000 0.000 0.070 3.05 1.96 4.42 0.153 0.000 -20.655
14.000 -0.400 0.00 0.00 0.00 0.000 0.000 0.000 0.040 1.31 1.It 2.60 o .154 0.000 -21.051

16.000 -0.452 0.00 0.00 0.00 0.000 0.000 .000 0.006 0.30 0.15 0.33 6.155 0.000 -26.641

18.000 -0.510 0.00 0.00 0.00 0.000 0. 00 0.000 -0.00 0.00 0.00 0.00 0.000 0.000 0.000
20.000 -0.513 0.00 0.00 0.00 0.000 0.000 0.000 -0.114 0.00 0.00 0.00 0.000 0.N0 0.000

22.000 -0.071 0.00 0.00 0.00 0.000 0.000 1.000 -0.104 0.00 0.00 0.00 0.000 0.000 0.000

24.000 -0.770 0.00 0.00 0.00 0.000 0.000 0.000 -0.204 0.00 0.00 0.00 0.000 0.000 0.000

26.000 -0.901 0.00 0.00 0.00 0.000 0.000 0.000 -0.409 0." 0.00 0.00 0.000 0.000 0.000
28.000 -1.040 0.00 0.00 0.00 0.000 0.000 0.000 -0.542 0.00 0.00 0.00 0.000 0.000 0.000

30.000 -1.111 0.00 0.00 0.00 0.000 0.000 1.000 -0.600 9.00 0.00 0.00 0.00 0.000 0.000
32.000 -1.400 0.00 0.00 0.00 0.000 6.000 0.000 -0.12 0.00 0.00 0.0 0.000 0.000 0.000

34.000 -1.013 0.0 0.00 0.00 0.000 0.000 0.000 -1.007 0.00 0.00 0.00 0.00 0.000 0.000

36.000 -1.641 0.00 0.00 0.00 0.000 0.000 0.000 -1.211 0.00 0.00 0.00 0.000 0.000 0.000

36.000 -2.110 0.00 0.00 0.00 0.000 0.000 0.000 -1. 23 0.00 0.00 0.00 0.000 0.000 0.000
10.000 -2.397 0.00 0.00 0.00 0.000 0.000 0.000 -1.783 0.00 0.00 0.00 0.000 0.000 0.000

42.000 -2.707 0.00 0.00 0.00 0.000 0.000 0.000 -2.064 0.00 0.00 0.00 0.000 0.000 0.00

41.000 -3.034 0.00 0.00 0.00 0.000 0.000 0.000 -1.301 0.00 0.00 0.00 0.000 0.000 0.000
40.000 -3.370 0.00 0.00 0.00 0.000 0.000 0.000 -2.603 0.00 0.00 0.00 0.000 0.000 0.000

48.000 -3.702 0.00 0.00 0.00 0.000 0.000 0.000 -2.060 0.00 0.00 0.00 0.000 0.000 0.000

50.000 -4.012 0.00 0.00 0.00 0.000 0.000 0.000 -3.239 0.00 0.00 0.00 0.000 0.000 0.000

52.000 -4.270 0.00 0.00 0.00 0.000 0.000 0.000 -3.473 0.00 0.00 0.00 0.00 0.000 0.000
54.000 -4.477 0.00 0.00 0.00 0.000 0.000 0.000 -3.652 0.00 0.00 0.00 0.000 0.000 0.000
56.000 -4.006 0.00 0.00 0.00 0.000 0.000 9.000 -3.757 0.00 0.00 0.00 0.000 0.000 0.000

0.000 -4.601 0.00 0.00 0.00 0.000 0.600 0.000 -3.767 0.00 0.00 0.00 0.000 0.000 9.00

60.000 -4.562 0.00 0.00 0.00 0.000 0.000 0.000 -3.00 0.00 0.00 0.00 0.000 0.000 0.000

1.000 -4.376 0.00 0.00 0.00 0.000 0.00 0.000 -3.471 0.00 0.JO 0.00 0.000 0.000 0.000

04.000 -4.149 0.00 0.00 0.00 0.000 0.000 0.000 -3.225 0.00 0.00 0.00 0.006 0.000 0.000

06.000 -3.015 0.00 0.00 0.00 0.000 0.000. 0.000 -2.065 0.00 0.00 0.00 0.000 0.000 0.000

68.000 -3.69 0.00 0.00 0.00 0.000 0.000 0.00W -2.720 0.00 0.00 0.00 0.000 0.000 0.000

70.000 -3.470 0.00 0.00 0.00 0.000 0. 00 0.00 -2.499 0.00 0.00 0.00 0.000 0.000 e.000

72.000 -3.281 0.00 0.00 0.00 0.000 0.000 0.000 -2.303 0.00 0.00 0.00 0.000 0.000 0.000
74.000 -3.005 0.00 0.00 0.00. .0.000 0.000 0.000 -2.127 0.00 0.00 0.00 0.000 0.000 0.000
76.000 -2.911 0.00 0.00 0.00 0.000 0.000 0.000 -1.060 0.00 0.00 0.00 0.000 0.000 0.000
7n.000 -2.741 0.00 0.00 0.00 0.000 0.000 0.000 -1.791 0.00 0.00 0.00 0.000 0.000 0.000
80.000 -2.561 0.00 0.00 6.00 0.000 0.000 0.000 -1.010 0.00 0.00 0.00 0.000 0.000 0.000
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DITEM 25 W? 1og rIo[ UE

SU DS CIIPIOI: IWlJI I: 31SI SL TIST SILlOT01
Tml BILT sllS 1i TPIULLISOID FOS DM3 DOLD Plot: 33.01

1IICLI OICLIUTIOI: SLID ICCILIIATIOI - 200 FIU
CEUSI ICII: 05M3 pFCITTILI MILE

COUCT VOICES - SI ID PANLS TS. SEOlEM

FIIL 3 IFLO11.j S.$i11T 611 (1 IDEL 3 ILO. ITS. SOtE II ( I)
DIL- IORMAL FIICTIOI IISLTAI CONTICT LOCATIOI (I I.) DIFL- IOIIL FIICTIO IISULTADT CONIACT LOCITIOI (11.1

TIME ICTIO0 FORCI FORCl FOit fllD UFIUVCI ICTION FOIC[ FOII FOICI (Fig IIFIUICII
(imitI) ( I1.) 1 I.) ( .) (LI. I I f 2 11.) 1 UI.) La.,) I LB) I T z

0.000 0.096 4.82 0.00 4.82 40.596 3.420 -1.300 0.090 4.32 0.00 4.32 16.590 -3.420 -1.300
2.000 0.091 4.38 0.91 4.98 46.596 3.120 -1.300 0.091 4.33 0.97 4.9 46.596 -3.420 -1.300
4.000 0.097 4.97 2.11 5.40 46.597 3.420 -1.300 0.097 4.98 2.11 5.40 16.591 -3.1420 -1,300

0.000 0.097 5.05 2.52 5.64 15.001 3.120 -1.300 0.097 5.05 2.52 5.64 46.001 -2.420 -1.300

6.000 0.093 5.02 2.51 5.62 45.600 3.420 -1.300 0.09 5.03 2.52 5.02 46.000 -3.420 -1.300

10.000 0.00 4.00 2.45 5.46 46.820 3.420 -1.300 0.03 4.01 2.06 5.48 46.020 -3.420 -1.300

12.000 0.098 4.66 2.46 5.40 40.631 3.420 -1.300 0.091 4.89 2.44 5.16 40.030 -3,420 -1.300

14.000 0.09? 4.83 2.42 5.41 40.002 3.420 -1.300 0.007 4.64 2.02 5.41 40.0.6 -3.420 -1.300

10.000 0.095 4.15 2.31 5151 40.693 3.410 -1.300 0.005 4.76 1.30 5.32 46.60 -3.420 -1.300

16.000 0.092 4.61 2.31 5.16 45.736 3.420 -1,300 0.093 4.63 2.31 5.17 4.734 -3.420 -1.300

20.000 0.066 4.42 2.21 4.0 46.764 3.420 -1.350 0.060 4.44 2.22 4.97 46.781 -3.120 -1.300

22.000 0.083 4.17 2.08 4.00 40.644 3.420 -1.300 0.014 4.19 2.10 4.6 16.845 -3.420 -1.300

24.000 0.077 3.15 1.02 4.30 46.915 3.420 -1.300 0.078 3.65 1.94 4.34 46.910 -3.420 -1.300

26.000 0.069 3.40 1.73 3.85 40.908 3.420 -1.300 0.070 3.50 1.15 3.01 46.10 -3.420 -1.200

26.000 0.000 2.90 1.50 3.35 47.002 3.400 -1.300 0.061 3.05 1.52 3.41 47.093 -3.420 -1.300

30.000 0.046 2.46 1.23 2.75 47.199 3.420 -1.300 0.051 2.56 1.27 2.53 47.201 -3.420 -1.300

32.000 0.057 1.85 0.33 2.07 17.318 3.420 -1.300 0.040 1.90 0.99 2.21 47.322 -3.420 -1.300

34.000 0.02 1.12 0.56 1.20 47.1108 3.40 -1.300 0.027 1.36 0.68 1.52 41.456 -3.420 -1.300

36.000 0.004 0.19 0.10 0.21 47.513 3.420 -1.300 0.013 0.65 0.32 0.73 47.597 -3.420 -1.300

38.000 -0,021 0.00 0.00 0.00 0.000 0.000 0.000 -0.004 0.00 0.00 0.00 0.000 0.000 0.000

40.000 -0.052 0.00 0.00 0.00 0.000 0.00 0.00 -0.024 0.00 0.00 0.00 0.000 0.000 0.000

42.000 -0.092 0.00 0.00 0.00 0.000 0.000 0.000 -0.047 0.00 0.00 0.00 0.000 0.000 0.000

44.000 -0.140 0.00 0.00 0.00 0.000 0.000 0.000 -0.072 0.00 0.00 0.00 0.000 0.000 0.000

46.000 -0.199 0.00 0.00 0.00 0.000 0.000 0.000 -0.101 0.00 0.90 0.00 0.000 0.000 0.000

48.000 -0.268 0.00 0.00 0.00 0.000 0.000 0.000 -0.137 0.00 0.00 0.00 0.000 0.00 0.000

30.000 -0.316 0.00 0.00 0.00 0.000 6.000 0.000 -0.163 0.00 0.00 0.00 0.300 0.000 0.000

32.000 -0.410 0.00 0.00 0.00 0.000 0.000 0.000 -0.215 0.00 0.00 6.00 0.000 0.000 0.000

54.000 -0.543 0.00 0.00 6.00 0.000 0.000 6.000 -0.330 0.00 0.00 0.00 0.000 0.000 0.000

56.000 -0.601 0.00 0.00 0.00 0.009 0.000 0.000 -0.411 0.00 3.00 0.00 0.000 0.000 0.000

58.000 -0.798 0.00 0.00 0.00 0.000 0.000 0,000 -0.551 0.00 0.00 0.00 0.000 0.000 0.00

00.000 -0.960 0.00 0.00 0.00 0.000 0.000 0.000 -0.580 0.00 0.00 0.00 0.000 0.000 0.000

02.000 -1.145 0.00 0.00 0.00 0.000 0.000 0.000 -0.130 0.00 0.00 0.00 0.000 0.000 0.000

64.000 -1.351 0.00 0.00 0.00 0.000 0.000 0.000 -0.171 0.00 0.00 0.00 0.000 0.000 0.000

60.000 -1.570 0.00 0.00 0.00 0.000 0.000 0.000 -1.122 0.00 0.00 0.00 0.000 0.000 0.000

66.000 -1.817 0.00 0.00 0.00 0.000 0.000 0.000 -1.217 0.00 0.00 0.00 0.000 0.000 0.000

10.000 -2.071 0.00 0.00 0.00 0.000 0.000 0.000 -1.448 0.00 0.00 0.00 0.000 0.000 0,000

72.090 -2.2335 0.00 0.00 0.00 0.000 0.000 0.000 -1.025 0.00 0.00 0.00 0,000 0.000 0.000

74.000 -2.008 0.00 0.00 0.00 1 .000 . 0.000 0.000 -1.012 0.00 0.00 0.00 0.000 0.000 0.000

76.000 -2.683 0.00 0.00 0.00 0.000 0.000 0.000 -2.005 0.00 0.00 0.00 0.000 0.000 0.000

76,000 -3.160 0.00 0.00 0.00 0.000 0.000 0.000 -2.100 0.00 0.00 0.00 0.000 0.000 0.000

30.000 -3.434 0.00 0.00 0.00 0.000 0.000 0.000 -2.387 0.00 0.00 0.00 0.000 0.000 0.000
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DATE: 251?P? 290 PiG! 39
10! DISCU ITI01: SUhlW 1: ILSIC SID MT VIOLATIOI

7m liLy lNUi$S 311 i InILLItSoi 10 DiSs 0oAN1 ?IGE: 34.01
VIEICLE DICUIR1 O111: SLID ICCtLIUTION - 200 PE1A

CWI VICYI: 11 lEcETILE MALE
CONTACT foRCE - SNOUT ALS VI. slIm

PLM . (RU PM. 130101 I i S. st I 5 1 ) ?AL 10 II"iolPI I S. I vS. Sinn I I IF I
DIFL- NORMAL FIICTIOI RESULTANT CONTACT LOCATION 1 11.1 D1in- NORnAL FEICTIOE RISULTIT CONTACT LOCiTIO ( i.1

TI IICTIOI FORCE JOKE VOICE 1111 IUICII IlOCTIOE OCi OCE FOREI (I IFI1K91
(1SEC) II.) 1 LI.) LI.) (LI.) I T 2 II.1 (LI.) (LI.1 ( L. I T 2

0.000 0.050 1.46 0.00 2.46 3.035 0.00 -10.971 0.002 0.06 0.00 0.01 51.230 3.420 -3.280
2.000 0.000 2.17 0.02 2.47 3.635 0.00 41-0.978 0.001 0.07 0.01 0.07 51.239 3.420 -3.2160
4.000 0.016 2.36 0.16 2.30 3.035 0.00 -40.371 0.001 0.11 0.04 0.12 51.3 3.420 -3.285
6.000 0.043 2.15 0.41 2.19 3.035 0.000 -40.377 0.005 0.26 0.14 0.31 51.240 3.420 -3.21?
8.000 0.034 1.70 0.55 1.76 3.035 6.00 -40.076 0.010 0.75 0.37 0.63 51.215 3.420 -3.261
10.000 0.010 0.05 0.41 1.03 3.930 1.000 -410.17 0.016 1.50 0.10 1.71 51.154 3.420 -3.201
I2.000 -0.003 0.00 0.00 0.00 0.000 0.000 1.000 0.031 2.66 1.33 2.61 51.204 3.420 -3.309
14.000 -0.034 0.00 0.00 0.00 .000 0.000 .00 0.041 4.03 2.05 4.51 51.214 3.410 -3.323
16.000 -0.075 0.00 6.00 0.00 0.000 0.000 0.000 0.070 5.61 1.66 6.62 51.304 3.410 -3.342
16.000 -0.126 0.00 0.00 0.00 0.000 0.000 0.100 0.L 1.17 4.01 1.13 51.334 3.420 -3.365
20.000 -0.194 000 0.00 0.00 0.00 0.000 t.0O 0.128 13.00 6.13 15.26 51.317 3.420 -3.363
22.000 -0.274 0.00 0.00 0.00 0.000 1.000 0.000 3.165 20.41 10.21 22.62 51.400 3.410 -3.420
24.000 -0.371 0.00 0.00 0.00 0.000 0000 0.000 0.205 1.17 14.03 31.50 51.464 3.420 -3.474
20.000 -0.;64 0.00 0.06 0.00 0.000 0.000 0.000 0.214 3.417 11.21 43.01 51.490 3.420 -3.466
26.000 -0.607 0.0 0.00 0.00 0.000 0.000 0.006 0.216 40.1 24.64 55.10 51.503 3.420 -3.507
30.000 -0.770 6.00 0.0 0 .00 0.000 0.00 0.000 0.343 0.44 30.22 07.51 51.511 3.420 -3.516
32.000 -0.645 0.00 0.00 0.00 1.00 0.600 0.000 0.392 71.13 35.63 10.31 51.516 3.410 -3.111
34.000 -1.142 0.00 0.00 0.00 0100 06000 0.600 0.440 126.16 64.06 143.32 51.520 3.420 -3.521
30.000 -1.363 0.00 0.00 0.00 0.000 6.000 6.00 0.477 171.75 10.37 10.15 51.521 3.420 -3.522
36.000 -1.610 0.00 0.00 0.00 0.000 000 6.00 0.IN 204.01 12.46 220.11 51.111 3.41 -3.521
40.000 -1.682 0.00 0.00 0.00 0.00 0.000 0.000 0.496 111.03 05.51 213.51 51.515 3.420 -3.517
42.000 -1.181 0.0 0.00 0.00 0.001 0000 1.000 0.142 12.0 11.30 204.111 51.506 3.41 -3.511
44.000 -2.505 0.00 0.00 0.00 0000 1.000 0.000 0.402 106.12 l4.41 186.75 52.501 3.418 -3.505
40.000 -2.81 0.00 0.00 0.00 0 .00 1.00 0.000 0.470 153.61 10.0I 171.01 51.414 3.417 -3.499
10.00 -3.211 0.00 0.00 0.00 1.000 0"000 1.000 0.460 136.61 66.61 150.32 51.40 3.415 -3.405
50.000 -3.564 0.00 0.00 0.00 0.000 0-001 0.60 0.450 126.65 63.33 141.60 $1.411 3.413 -3.405
52.000 -3.060 0.00 0.00 0.00 0.00 6 000 0.000 0.441 114.1 57.14 127.77 51.464 3.410 -3.4"6
14.000 -4.321 6.00 0.00 0.00 0.600 0 .00 $.W0 0.436 10.5 00.30 112.47 51.507 3.401 -3.010

56.000 -4.675 0.00 0.00 0.00 0.000 .000 00 0.415 76.26 30.11 66.73 51.531 3.40 -3.531
56.000 -4.06 0.00 0.00 0.00 0.000 0.000 1.004 1.318 $.0 20.60 64.46 $1.577 3.31 -3.50
60.000 -5.254 0.00 0.00 0.00 0.000 6.000 0.004 0.346 43.17 24.50 54.If 51.676 3.391 -3.054
63.000 -5.456 0.00 0..00 000 0.000 6.000 0.000 0. 2" 37.73 30.16 41.11 1.112 3.391 -3.707
64.000 -5.606 0.00 0.00 0.0 0.000 0.00 1.000 0.115 13.14 11.52 25.75 51.676 3.393 -3.904
06.000 -5.724 0.00 0.00 0 0 0.00 1.0 10 0.000 0.125 1.1 4.41 0.10 52.113 3.406 -4.077
0.000 -5.617 0.00 0.00 0.00 0.000 0.00 0.000 0.020 0.99 0.49 1.10 51.440 3.41? -4.294
70.000 -5.694 0.00 0.0 0.00 0.00 0 0.00 0.000 -0.101 6.0 0.00 0.00 1.000 0.000 0.000
71.000 -5.03 0.00 0.00 000.Of 00 0.00 0.000 -0.2531 0.00 6.00 0.00 0.000 0.000 1.000
74.000 -. 032 0.00 0.00 0.00" "0.00 . 0.000 0.010 -0.307 0.00 0.00 0.00 0.000 0.000 0.000
76.000 -6.105 0.00 0.00 0.00 0.000 0.00 0.000 -0.510 0.0 0.00 0.00 0.000 0.000 0.000
76.000 -0.171 0.00 0.00 0.00 0.000 0.000 0.000 -0.655 0.00 0.00 0.00 0.000 0.000 0.000
60.000 -0.252 0.00 0.00 0.00 0.000 0.000 0.000 -0.600 0.00 0.00 0.00 0.060 6.000 0.000
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0471; 2 S|iP I966 ThGI 47

RUN DtSCIIO7IOI: l1L 1: IASIC slI1 TM 1 1iOUTIO1
SlilT h fIllSS VIti iT'ILLISOID F03 DIII 3U1L  ?A1: 35.01

IllCLI DICiLIUTIQI: SLID ICCILIIUTI01 - 200 PKW1
CI SITIM: 9571 PIRClITIILI 1 LS

ConiAc? FOIRU - stuf 11111.3 11. llSm

TAI1+ 10 (0OD00 PIDA1. ) iS. S1is" II LI I
DIFL- NORMAL FRlICT 1O UISULT CONITC LOCITION 1ll.)

tIn ICYOII TOM F01C F 01CI 11111 U(TN IIUCII
(Il C) (11.) (11.) (I.1.) ( Lt.) I T z

0.000 0.002 0.06 0.00 0.06 51.23N -3.420 -3.280
2.000 0,001 0.07 0.01 0.07 51.230 -3.420 -3.206
4.000 0.002 0.11 0.01 0.12 51.239 -3.420 -3.295
6.000 0.005 0.29 0.14 0.32 $1.210 -3.120 -3.27
8.000 0.010 0.75 0.3? 0.83 51.245 -3.420 -3.291
10.000 0.010 1.60 0.60 1.76 51.254 -3.420 -3.298
12.000 0.031 2.07 1.33 2.90 51.260 -3.420 -3.301
14.000 0.010 4.10 2.05 4.58 51.204 -3.420 -3.313
18.000 0.170 5.03 2.96 6.63 51.306 -3.420 -3.342
16.000 9.00 1.18 4.00 9.15 51.334 -3.420 -3.365
20.000 0.120 13.70 6.85 15.32 51.30 -3.420 -3.393
22.000 0.165 20.47 10.23 21.60 51.406 -3.420 -3.425
2W.000 0.206 26.20 14.13 31.50 51.164 -3.420 -3.171
20.000 0.250 38.51 10.29 43.14 51.410 -3.430 -3.406
26.000 0.200 19.45 24.73 55.29 51.503 -3.4120 -3.507
30.000 0.344 00.60 30.34 67.5 51.511 -3.420 -3.513
32.000 0.304 12.29 3.14 00.02 51.510 -3.4120 -3.511
31.000 0.444 133.80 66.00 109.37 51.519 -3.420 -3.510
36.00 0.483 18.00 04.05 210.21 51.519 -3.420 -3.520
36.000 0.507 210,71 100.07 245.0 51.515 -3.420 -3.518
40.000 0.314 216.05 101.03 241.35 51.500 -3.420 -3.511
11.000 0.515 213.02 106.51 136.16 51.417 -3.421 -3.912
44.000 0.514 112.01 100.00 137.03 51.412 -3.421 -3.410
40.000 0.514 211.66 105.95 230.06 51.465 -3.423 -3.475
46.000 0.514 212.07 106.04 237.10 51.446 -3.425 -3.450
50.000 0.511 207.70 103.05 231.22 51.425 -3.427 -3.411
52.000 0.100 190.37 95.18 111.63 31.300 -3.430 -3.420
54.000 0,472 1550.1 77.60 173.07 51.301 -3.431 -3.368
50.000 0.436 107.02 53.1 129.68 51.300 -3.435 -3.312
58.000 0.305 50.01 29.50 65.07 51.20 -3.437 -3.310
60.000 0.353 50.53 25.27 56.50 51.250 -3.438 -3.302
62.000 0.307 11.43 20.12 48.31 51.21 -3.436 -3.32?
04.000 0.268 33.04 16.62 37.01 31.307 -3.436 -3.40
06.000 0.234 26.00 13.45 30.07 51.511 -3.431 -3.516
66.000 0.200 20.05 10.02 22.41 51.057 -3.425 -3.637
70.060 0.150 13.90 695 15.54 51.813 -3.113 -3.747
72.000 0,112 0.75 3.37 7.55 59.072 -3.393 -3.01
74.000 0.056 2.60 1.40 3.13" 52.10 ,-3.366 -4.132
70.000 -0.006 0.00 0.00 0.00 0.000 0.000 1.000
76.000 -0.077 0.00 0.00 0.0 0.000 0.000 0.000
60.000 -0.111 0.00 0.00 0.00 0.000 0.000 0.600

212



DAM; 2 SIFT 196 Pl0t 43

30 1 DSCII0TIOI: 8]ELI 1: IlSIC SLID TEST SIN LATIOI
M0 liLT EAUISS V3T8 IT IILISOIO 101 DSI 901D Fl0: 3.01

TIHI1CI DICILIIAtIOI: SLID ACCISUTIOI - 200 P[U*
COME VICTIM: 9571 f[ClTILI MALI

IEISS SYSTIM BILT 1M01OMT FOXES
310T 10. I OFI US$ 0. 1 ONLY go. 2 of l7 S$ 0. 1

PI IT to. I PIIT go. 12 PIIT 10 . 13 FOl? 30. 27
71 STll OICE 5 l33 FORCI STUl FORCE STUl3 FOICS

(Isle) I III/ IN.) I I.B.1 ( I I/ I.) 1(Lt.) I Rd. 11.) 1 L.B.) ( I.I 1I.) (LI.

0.000 0.000000 0.00 0.000000 0.00 0.000000 0.00 0.000000 0.00

2.000 0.000015 0.37 0.000017 0.25 0.000014 0.21 0.000031 0.27

4,000 0.000119 1.70 0.000005 0.0 0.000057 0.35 0.000152 2.27

0.000 0.000281 4.21 0.000150 2.25 0.000124 1.96 0,000470 7.04
6.000 0.000523 7.85 0.000270 4.15 0.000219 3.20 0.001018 15.27

10.000 0.000654 12.81 0.000438 6.ST 0.000336 5.04 0.001003 27.04

12.000 0.001023 15.34 0.000401 7.21 0.000314 5.16 0.002454 36.61

14.000 0.001310 13.80 0.000515 7.72 0.000433 6.50 0.003108 47.52

10.000 0.006172 25.08 0.000551 0.27 0.000406 7.44 0.003850 57.84

18.000 0.001420 21.30 0.000400 0.00 0.000404 0.06 0.003427 51.11

20.000 0.001831 27.46 0.000464 7.26 0.000408 7.46 0.004276 64.13

22.000 0.002363 35.45 0.000617 0.20 0.000643 0.65 0.005470 62.10
14.000 0.003005 46.17 0.000877 13.15 0.000021 13.81 0.019000 215.12

20 000 0.004040 00.01 0.001215 11.22 0.001284 19.26 0.021306 315.53

29.000 0.006003 00.05 0.01724 25.15 0.001708 20.52 0.017340 410.10

30.000 0.000472 142.06 0.001256 33.03 0.001429 36.44 0.035707 504.14

71.000 0.013979 209.69 0.003140 48.73 0.004372 65.56 0.023071 355.00

3.000 0.019790 200.35 0.004754 71.30 0.000401 126.02 0.020005 311.97

56.000 0.026140 392.20 0.007124 100.8 0.015331 275.01 0.025025 375.38

38.000 0.032200 404.00 0.010631 102.46 0.030109 453.07 0.039302 036.04

40.000 0.037109 606.17 0.021023 315.35 0.040241 654.62 0.050200 1178.50

41.000 0.043063 711.27 0.036025 570.60 0.050245 063.00 0.075150 2182.46

44.000 0.046343 616.85 0.053058 1054.46 0.000530 1406.57 0.064697 1039.53

46.000 0.05327 1052.84 0.071518 100.44 0.072248 2029.17 0.084525 2079.14

49.000 0.055271 1129.35 0.087303 2630.23 0.056456 1132.15 0.10377 331.64

50.000 0.058600 131.41 0.098307 3410.27 0.06576 1685.60 0.093083 3175.81

52.000 0.04710 1029.61 009666 330.48 0.00526 1031.6 0.107224 3752.15

54.000 0.077110 2022.35 0.087092 2863.56 0.074577 2152.58 0.002636 3109.84

50.000 0.076006 2131.59 0.071060 1390.67 0.075155 2183.20 0.080018 2017.94

56.000 0.074407 1140.32 0.040516 640.31 0.06970 188.62 0.004430 2075.23

00.000 0.061093 1485.61 0.026350 305.38 0.062583 2570.80 0.09333 3146.22

61.000 0,047024 790.46 0.005156 77.34 0.032040 490.80 0.086107 2703.00

64.000 0.020177 422.60 0.00000 0.00 0.024409 307.48 0.005353 163.72

66.000 0.007030 105.57 0000000 0.00 0.006231 63.46 0,051787 044.69

00,000 0.000000 0.00 0.00000 0.00 0.000000 0.00 0.037962 600.25

70.000 0.000000 0.00 0.000000 0.00 0.000000 0.00 0.022501 337.51

72.000 0.000000 0.00 0.000000 0.00 0.000000 0.00 0.01211 190.07

74.000 0.000000 0.00 0:000000. 0.00 0.000000 0.00 0.006159 92.39

78.900 0.000000 0.00 0.000000 0.00 0.000000 0.00 0.000000 0.00

78.000 0.000000 0.00 0.000000 0.00 0.000000 0.00 0.000000 0.00

60.000 0.000000 0.00 0.000000 0.00 0.000000 0.00 0.000000 0.00
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Dirt: 2 SIFT 1988 Fiat 4

lOt PKSCIIPYIOI: IIAMPLI 1: BASIC SLID T[S? $IMU TIOI
TV) BELT IRlINSS 8fl E ItI[LLlSOID F0 DSI BOARD ?iOI: 37.01

VIBICLI DW ,IIIIAT1OI: SLID 1CCILIBATIOI - 200 PEAK

CRASH VICTIM: STH PIrcINTILI MALE

CONTACT FORCES - SEGMENT to. 2 I ¢ I iS. SEGMT 1(0. 13 UA1)

DIOL- NORMAL FRICTOI IISULIAFW COrr Lo TIO 1 11.)

TIW ICTIOI FOURI FOgCe FOIC[ S1O, 2 LOCAL IgF1iuICI SIG. 13 LOCAL UFIEICI

(ISIC) I 11.1 I L .) I LB,) I LB.) I T Z I T Z

0.000 0 070 0 00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0,000

2.000 0.000 0 00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

4.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

8.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

8,000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

12.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0,000

14.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

18.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

22.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

21.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

28.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

32.000 0.000 0 00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

34.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.00 0.000

38.000 0.000 0 00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

38.000 0.000 0 00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

42.000 0.000 000 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

41.000 0.009 4 39 1.10 4.52 2.018 5.305 -3.749 -0.675 -0.809 -7.9006

40.000 0.010 3.82 0.90 3.73 2.038 5.300 -1.730 -0.181 -0.803 -7.903

48.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.001,

50,000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

52.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0,000 0.000 0.000

54.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

50.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

58.000 0,000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

00.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

62.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

64.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

00.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

60.000 0.000 0.00 0.00 0.00 0.000 0.000 0.400 0.000 0.000 0.000

70,000 0.000 0.00 0.00 0.00 0.OvO 0.000 0.000 0.000 0.000 0.000

72.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0,000 0.000 0.000

74.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

74.000 0.000 0.00 0,00 0.00 -0.000. 0.000 0.000 0.000 0.000 0.000

74,000 0.000 0.00 0.00 0 00 0.000 0.000 0.000 0,000 0.000 0.000

60.0O0 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
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DITI I SEI? loss Pla 43
103 DISCIIPTIOI: 1I1,I1 1: BISIC SLID TEST INUT|OI

TOO BELT IU SS VITO ITIULLISOID FO DISI NOWID FLa: 38.01
1IIICLI DICILEIITIOI: SID ICCIU[TIOI - 200 PIl

CUSI VICTIM: 9STI FIEUCITILE MALE

COITICT YOICiS - SiI5E l 30. 1 1 C 1 3. S0i3? I0. 15 1 LU)

b1lL- poIl FIICT[OI RISRLTIT COTAICT LOCITIOE I It.)
TlI ICTI01 MOCI FOCI ro1le SEG. 2 LOCIL EEFIEI SRO. is LOCAL UFII1tCI

(NEC) (I1.) ( LB. (LB.) (LI.) I I Z I T Z

0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
2.000 0.000 0.00 0.00 0.00 0.000 0.000 0.00 0.000 0.000 0.000
4.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.00 0.000 0.000 0.000
1.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.00 0.000 1.000
12.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
14.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
16.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
18.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 0.000 0.000 .00 0.000 0 .000 0.000
22.000 0.000 0.00 0.00 0.00 0. 00 0.000 0.000 0.000 0.000 0.000
24.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.00 0.00 0.000
32.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
34.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0,000
30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
36.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
42,000 0.000 0.00 0.00 0.00 0.000 0.000 1.000 0.000 0.000 0.000
44.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 1.000 0.000
46.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
18,000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000 0.000 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000
52.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
54.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
56.000 0.000 0.00 0.00 0.00 0.000 0.00 0.000 0.00 0.000 0.000
50.000 0.000 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000
60.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.00
62.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
64.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
66.000 0.000 0.00 0,00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
66.000 0,000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.00 0.000
70.000 0.000 0.00 0.00 0.00 0.000 01.000 01.000 0.000 0,000 0.000
72.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
74.000 0.000 0.00 0,00 0.00. 0.000. 0.000 0.000 0.000 0.000 0.000
76.000 0.000 0.00 0.00 0.00 0.000 0.000 0,000 0.000 0.000 0.000
7W.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 01.000 0.000 0.000
80.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

215



DTs: 2 sin l9es P II
1n DISCUIIO: sIUML, 1: UaSC SUn tiff I$kJwrOI

11 BLT I llE1s$ VIT l ?I IIIISOII FOR IASI BOARD PAGE: 39.01
IEICLI ECILEEATIOE: SLID 1CCELETIU 01 - 200 111

CUSI TICTII3: ST1 PlCIIETILI MIlE

cOiACT FOICS - StEf 0. 1 (I)11. IM ITIo. 13 (1 l)

DifI,- ROUaw FUICIEO IESu?In COlTACT LOCYIO1 |11.)
TIE ICTI0E FOICE F01C FOICI SIG. 6 LOAL IEiIII SIR. 13 LOCIL WIiEIE!

(INIC) (1 1.) (I..) (1.8.) (1I..) I I 2 1 T z

0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.00 0.00 0.000

2.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
4.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0,00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
8.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
10.000 0.000 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000
12.000 0.00 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000
14.000 0.000 0.00 0.00 0.00 0.000 0.000 0.00 0.000 0.000 0.000
16.000 0.000 0,00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

18.000 0.000 0.00 0.00 0. 0 0.000 0.000 0.00 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

22.00 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

24.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

28.000 0.000 0.00 0.00 0.00 0.000 0.00 0.000 0.000 0.000 0.000

30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.00 0.000 0.000
32.000 0.000 0.00 0.00 0.00 0.000 0,000 0.000 0.000 0.000 0.000

34.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000

36.000 0.000 0.00 0.00 0.00 0.000 0.00 0.000 0.000 0.000 0.000
36.000 0.000 0.00 0.00 0.00 0.000 0.000 0,000 0.000 0.000 0.000
40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
43.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 O.000 0.000 0,000
44.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000

46.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.00 0.000 0.00

08.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

50,000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0. 00
52.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
54.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
56.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

51.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.0 0.000

60.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
62.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

04.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
60.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
68.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.00 0.000

70.000 0.000 0.00 0.00 0.00 0.000 0.00 0.000 0.000 0.000 0.000
12.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
74.000 0.000 0.00 0.00 0.00 •0.00. 0.000 0.000 0.000 0.000 0.000
76.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 .C00 0.000 0.000

71.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000

80.000 0,000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0,000 0.000
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DATM: I E17? IM00 PIGI 45
Io DEKCIIPTIOI: muWU I: liS IC 1 ESTIlLTIOl

too BELT UIl$SS fl ITEiELLIJSOI p0is 1 015 30*1: 40.01
VIIICLI DICELEt101: IDl1 iCCIJUTIOI - 300 ?1l

CEiSE VICTIM: IS1 PrICLITILE MII

CONTACT 1CU -StEGiE l0. g (.IL) 13, SIR? I0. I 1 LU

00v- oE3i;L niCTW IIsguLTU T CO rIC? LOCITIO1 (1l.)
?is I QI Ol C VOC F OiiCE 510. 0 SM I LOCAL IiI I S1. is LOCAL BIVIUCE

(161C) II1.)1 U.) (I.) I I..) I I z I I t

0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
1.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
4.000 0.000 0.00 0.00 0.00 0.000 0.000 0. 0.00 0.000 0.000
6.000 0.000 0.00 0.00 0.00 0.000 0.000 0.004 0.000 0.000 0.000
1.000 0.000 0.00 0.00 0.00 0.0 0.004 0.000 0.004 0.00 0.00
10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
12.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
14.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
16.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
11.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
22.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.00 0.00
24.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.009 1.000
20.000 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.00
30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
32.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
M1.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
30.000 0.000 0.00 0.00 0.00 0.000 0.00 0.000 0.000 0.000 0.000
30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.00 0.000
00.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
42.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
44.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
46.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.00
40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000 0.000 0.00 0.00 0.00 0 0.00 0.00 0 0.000 0.000 0.000 0.000
52.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
54.000 0.000 0.00 0.00 0.00 0.000 1.004 0.000 0.000 0.000 0.000
5.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
3.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
60.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
82.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.00 0.000
64.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
88.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
70.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
72.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
74.000 0.000 0.00 0.00 0.00 0.000. 0.000 0.00 0.000 0.00 0.000
70.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
7W.000 0.262 132.75 33.10 138.84 1.220 -1.140 10.441 -1.121 0.051 6.035
60.000 0.605 321.64 00.46 331.75 1.006 -1.142 10.037 -1.010 0.63 0.725
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gilt; I San loss rl01 46
U11 DISCIIPTIOI: lUELI I: nSIC SLID TW SIUIJTIOI

11 LT IURISS ill ITrIULLIrSOI1 FOl PASO JIOLID VAO: 41.01
TIHICLI D1CflJAYIOI: SLID ACCILIIIIOI - 2I0 UAR

C1ASE VICTIM: 05TH flCITLl lULI

COIT'CT FOlIS - SIOKUT 10. 13 1 ILAI 3. S1013 30. 10 (VIII

DllL- POIIAL FIICTION IISULIIT COITACT 1CITIO1 1 16.)
TIm ICTIO1 FOICl IrCl VOiC SSG. 13 LOCAL IIVIUlCI $10. IS LOCAL IUNEI

(KtiC) 1 I1.1 ( La.) (UL.) I LI.) I 1 2 1 7 Z

0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.00 0.000 0.000 0.000
2.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
4.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
6.000 0.000 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000
6.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
12.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
14.000 0.000 0.00 0.0 0.00 0.000 0.000 0.00 0.000 0.000 0.000
16.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 1.000 0.000 0.000
10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.00 0.000 0.000

20.000 0.000 0.00 0.00 0.00 0.000 0,000 0.000 0.000 0.000 0.000
22.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
24.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 .00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
30.00 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
32.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
34.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.00 0.000 0.000 0.000
36.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.00 0.000 0.000
42.000 0.000 0.0 0.00 0.00 0.00 0.000 0.00 0.000 0.000 0.000
44.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
46.000 0.000 0.00 0.00 0.00 0.000 0.0 0.000 0.000 0.000 0.000
46.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000 0.000 0.00 0.00 0.00 0.000 0.00 0.000 0.000 0.000 0.000
52.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
54.00 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
56.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.00 0.000
58.000 0.000 0.00 0.00 0.00 0.000 0.000 0.00 0.000 0.00 0.000
60.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
62.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
64.000 0.00 0.00 0.00 0.0 0.000 0.000 0.000 0.000 0.000 0.000
06.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
06.000 0.217 24.79 12.30 27.71 1.714 0.433 2.758 32.371 0.500 -23.212
70.000 0.406 193.03 06.51 215.11 1.051 0.426 3.110 32.412 0.700 -23.320
72.000 0.671 444.63 222.41 407.33 1.602 0.401 3.504 32.540 6.820 -23.401
74.000 0.627 382.71 111 30 405.53. 1.587 0.388 3.650 32.511 8.021 -23.301
76.000 0.420 87.00 43.50 97.27 1.600 0.370 4.154 32.400 7.003 -23.320
76.000 0.210 23.00 11.05 26.72 1.612 0.354 4.440 32.311 7.070 -23.240
80.000 0.103 5.46 2.73 0.10 1.606 0.342 4.722 32.256 7.143 -23.200
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DIAIT 1 $11 till PaiE 47
OUT DtECIIIOI: iIIDLE I: DASIC SL TEMT iILTIOI

TW lILT DA1ISS IITI ITIELLISOID VOt O3 lOLD P01: 41.01
EITICLi DEICIII if03: SLID ACCIiLEJ1lO - 200 FZW

CIDI TICTIN: I5H rCil1,1 MINI

CONTACT FOICES - Si(MET E0. IS ( LL) IS. 3Ii1T I0. I (U I

vifl- PwIIUl, mIrclIOl U SOLTA ConTkCT LOCEII01 i ll.)
Tin IC rOl VOIll VOICE VOICE s[. IS WlL W111111C SO. Is LOCAL I1r121llCl
INEECI II.) ( LI.) I U.I ( U.I I I z I T Z

0.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
2.00 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
4.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.00 0.00 0.00 0.00 0.000 6.000 0.000 0.000 1.000
6.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
12.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
14.000 0.000 0.00 0.00 0.00 0.000 0.000 0.00 0.000 0.000 0.000
10.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.400
11.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
20.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
12.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
214.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
26.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
25.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
30.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
32.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
34.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
36.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
,3.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.0"0 0.000 0.000
40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
42.000 0.000 0.00 0.00 0.00 0.000 0.000 1.000 0.000 0.000 0.000
44.000 0.000 0.00 0.00 0.00 0.000 0.000 0.00 0.000 0.000 0.000
40.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
41.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
50.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
52.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
54.000 0.000 0.00 0.00 0.00 0.000 0.00 0.000 0.000 0.000 0.000
56.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
51.000 0.000 0.00 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000
00.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
02.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
04.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
66.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
68.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
70.000 0.000 0.00 0.00 0.00 0.000 0.000 0.000 0.000 0.000 0.000
72.000 0.521 226.73 113.37 253.40 1.755 0.307 0.151 32.015 -6.110 -23.311
74.000 0.004 610.21 305.10 862.13" 1.713 0.290 0.537 32.732 -8.130 -23.436
70.000 0.007 738.13 366.06 623.02 1.600 0.211 0.427 32.764 -6.147 -23.006
78.000 0.708 500.20 295.10 650.80 1.720 0.263 0,204 321.04 -5.176 -23.450
80.000 0.583 303.74 151.17 330.60 1.758 0.244 0.157 32.574 -6.224 -23.368
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IC. al IR C3! l tUlLs TIM 41

RD HURT CIIIIOE

SIC a 192.41 TIn DMUfIOE • 52.000 TO 65.000 SC
fill Rd IESLTUT$ a 25.844 MD 13.464 I'S

IOKUA n ISgUTAM FOE TIE D1UTIO a 40.574 0's

aH5D SIIITT IEON

IN a 245.30

UR E U M USLT vM 65.710 O'S AT 60.000 EC

coS? SEREITl lEi

CSI a 733.64

JIM CEOST IISU LI a I id.473 a'S IT 59.000 IS|C
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muflhP era TIi a 291.45 FICOMSAl 
4

sub CALLS ?IN I

UII3D I M5 0.53
IP? 1 305 1.05

CihII 484 132 2.45

1JOINT 184 29 0.10
Dirt it 85s 3.04

1,11111 sea 1112 3.62

91111 463 1056 3.62
SETIPI 483 706 2.63
COP"C 463 444 1.52
IL 5313 2244 7.70
Siosga 260 20111 6.96
BEI 1072 4385 15.05
Vista 463 3922 6.59

811012l' 463 IS? 0.54

DUivi 483 3562 5.36

vigil? 483 6i8 3.33

DAU11I 463 310 1.27

FSVSOL 1072 3986 13.66

011171, s 707 2.43

010571 85 53 0.18

Ing"3 Is 3862 13.25

027 462 4s5 3.56

P70511 11349 3.94

MOAL 29345 100.00
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APPENDIX B

SLIP JOINT AND WIND FORCE EXAMPLE

This example A17 input and output is of two segments connected by a slip

joint, and exposed to wind forces.
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FEB. 4, 1988 0 0 0.0 CARD AIA
EXAMPLE 2: DYNAMIC JOINT TEST
SLIP JOINT / 600 KNOT WIND
IN. LB.SEC. 0.0 0.0 386.088 0.0 CARD A3
4 20 0.002 0.0005 0.001 .000063 CARD A4

1 020 2 0 0 0 0 0 0 0 0 0 0 0 0 016 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 00 ICARD A5
2 1 95TH PERCENTILE MALE CARD BI

LARM L 5.901 .3331 .3331 .0214 1.871 1.87110.269 0.000 0.000 0.000 CARD B2A
UARM U 5.542 .1743 .1743 .0259 2.122 2.122 7.497 0.000 0.000 0.000 CARD B2A
ELBW E 1 5 0.00 0.00 8.20 0.00 0.00 -5.42 1 0.00 0.00 CARD B3A

0.00 0.00 0.00 0.00-67.19 0.00
.00 .00 .00 .00 .00 .00 .00 .00 .00 .OOCARD B4
0.0 0.0 30. 0.0 0.0 0.0 0.0 CARD B5
.00 .00 .00 .00 .00 .00 .01 .01 .001 .001 .001 .OO1CARD B8
.00 .00 .00 .00 .00 .00 .01 .01 .001 .00 .00 .OOCARD 86

CONSTANT WIND VELOCITY OF 600 KNOTS
0.0 0.0 0.012161. 0.00 0.00 0.00 0.00 -3 0.0 2.30 OCARD C2A
2 1 3 CARD C2B
0.000 0.000 0.000 0.000 0.000 0.000 0.000 CARD C5
0.000 0.000 0.000 12161.000 0.000 0.000 0.000 CARD C5
2.300 0.000 0.000 12181.000 0.000 0.000 0.000 CARD C5
4.800 0.000 0.000 12161.000 0.000 0.000 0.000 CARD C5
1 0 0 0 0 0 0 1 0 0 CARD DI

1 WIND PLANE CARD D2A
10.0 10.0 5.0 CARD D2B

-10.0 10.0 5.0 CARD D2C
10.0 -10.0 5.0 CARD D2D

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CARD D7
999 CARD El

1 WIND FORCE CARD EGA
1.4000 13404.0000 14.6960 1 3 CARD BOB

0 CARD FIA
0 0 CARD F3A
0 CARD F4A
I I CARD F7A

-1 1 3 1 1 0 1 2 2 CARD F7B
-2 2 3 1 1 0 1 1 1 CARD F7B

0.0 0.0 0.0 0 0 0 0 1 CARD GIA
0.66000 0.00000 -18.98000 0.0 0.0 0.0 CARD 02A

0.00 -2.00 0.00 0.00 0.00 0.00 3 2 1 OCARD 03A
0.00 -2.00 0.00 0.00 0.00 0.00 3 2 1 OCARD 03A
0 CARD IlIA

CARD IB
0 CARD H2A

CARD H2B
3 2 1 0.0 0.0 8.20 CARD H3A

1 2 0.0 0.0 -5.42 CARD 13B
4 2 0.0 0.0 0.0 CARD H3B

0 CARD H4
0 CARD H5
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0 CARD H61 
CARD H72 0 1 0 2 CARD 148

1 1 I CARD HO0 
CARD HIO
CARD 1411
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LuIL IITICULATED TOTAL ODt (LI) M*DEL iGE

DEVELOPED Bf CILSPII CORP.. P.O. BoX 400, BUFFALO IY 14225
ID BY JIJ TECHIOLOGIIS INC., ORCHAID 1 111 , IT 14117

03 ?I[ AII FORCE AIRRIOO AEROSPACE EDICAL KHSEACI
LABOIATOlY, RIONT PA?[IRSOI III FOCE BASE
UODER COCIUCTS F33415-75C-5002,-?.C-051' AID -BOC-OI5117

AID FOR IKE NATIONAL HIGHIT TRAFFIC S'F[rY ADMINISTRATION.
U.S. DEPARTMENT OF ?iBASPORIATIOI, DFE[ COFBACTS
FH-II-7592, BS-053-2-465. NS-6-01300 AID HS-6-01410.

PRORAM DOCUITATION: ITSI tLPOI? NOS. DO?-S-S01-507
?HIGM 10 IFOINEILT CJLSAI RPORT 10. ZQ-SI6O-L-II,
AVAILABLE FROM NTIS (ACCESSION RO. PB-241602.3,4 AID 5).
IPFENDIIES A-J TO HIE iBOVE (iVAILABLE FROM CALSIAIi.
AND REPORT NOS. ARL-71-7I5-1 1 (OTIS RO. ID-1I4 610).
IFIBL-T-8l-14 (IS DO. iA-AO$I 020). AID
AFIflL-Ii-63-073 (ifIS 1O. ID-Bl7 164).

PROGRAM ATI-iV, EXECUTED O3H A1i AAULI,1 COnIIREIT
3250 COMPUTER., WIN??-PLTTOI All, 0110

FEB. 4, 1Ii8 IISIr; 0 IRSOUT, 0 ISTMIE - 0.0000 CARDS A

EXAMPLE 2: DYNAMIC JOINT TEST
SLIP JOINT /60011 HT IND

gIlL - It. UNITE - LB. Ulf? -SEC. GRAVITY VECTOR ( 0.0000. 0.0000, 3i8.08101 0 386.0860

107T A 4 IS?PS , 2Q O7 -0.002000 HI 20.000500 IVANI :0.001000 all -0.000063

ITPR' ARRAY
I 1 3 4 5 6 7 18 010 11 i I13 14 15 I10 17 1 102021 22 23 24 25 2 27 28 293031 32 33 34 35 36
I 020 2 0 0 0 0 0 0 0 0 0 0 0 0 016 0 0 0 0 6 0 0 i 0 0 0 I 0 0 0 0 0 1
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CRASH VICTIM 95TI! PERCEITILE WALE 2 SEGMENTS I JOINTS PAGE 2

CARD B.1
PIINCIPI, Vi)[VTS OF I111I7 SEGMENT COIITAC ELLIPSOID CARDS 9.2

SEGffiT WEIGHT I L,-SEC.-.2- 11.1 SEiHIS (11.1 CENTER ( 11.) PRIICIPAL AXES (01GI

I STU PLOT (LI.) I 1 Z I T 2 I T 2 TAW PITCH ROLL

I LARK L 5.001 0.3331 0.3331 0.0214 1.671 1.71 10.209 0.000 0.000 0.000 0.00 0.00 0.00

2 DARK U 5.512 0.1143 0.1743 0.0250 2.122 2.122 7.17 0.000 0.000 0.000 0.00 0.00 0.00

CARDS B 3
JOINT LOCATIOI( i.) - SFG(JNTI LOCATIOI( II.1 - SEG(Jol Pill. AZIS(DIGI - SE1O(dT) PI. AIIS(DEO - SEO(JI)
J SIN PLOT JKT PIN I T z I T Z RIN PITCH ROLL TIN PITCH ROLL

I ELOI I I 5 0.000 0.000 6.200 0.000 0.000 -5.420 0.00 0.00 0.00 0.00 -67.1p 0.00

UNLOCK CONDITIONS FO SLIP JOINTS

JOINT TENSION COMIESSION

I LB.) I L8.)

I 0.000 0.000
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JOINT TORQO CIAILCTIBISTICS PAG! 3
CAiDS B5.4

FLITURAL SPING CAIC!ME|ISTICS TORSIONAL SPRIIO CIIAIC?"IISTICS

SPRING COEF. I It. LI./DI8OJI [IIEROY JOINT SPRING COEF. 1 I1. LI.JDEO"aJ) ENERGY JOINT
JOINBY INIll QUADRATIC ColiC DISSIPATIOI STOP LIIEAII QUADIATIC CUBIC DISSIPATION STOP

IJI) (J-21 (J31 CU. IDIG) IJI) (J,21 (W3) COEF. I1E)1

I 1I,8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000

CARDS 1.5
JOINT VISCOUS CnAIAC?EIISICS AND LOCK-UNLOCK COIDITIONS

VISCOUS COULOGM FULL FRICTION MAI TORQUE FOR Vil TORQUE FOR Il. Ala. VELOCITY IMPULSE
JOINT COEFFICIENT FIICTION COEF. AINGULAR VELOCITY I LOCKED JOINT ULOCKED JOINT FOR UNLOCKED JOIN? RESTITUTION

( IN. LN.SIC.ID[O) (I I. LI.1 (DEG/S[C.J (I. LI.1 (I. LB.) (IAD/SEC.) COEFFICIENT

I ELBW 0.000 0.00 30.00 0.00 0.00 0.00 0.000
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PAGE

SEGMENh ITEGIATiOI COIrEIGECI TEST INPUT CARDS 3.6

AIGULAB TILOCITIES LINEAR YILCIT|IS IiGUII-ACCELERATIONS LINEAR ACCELERATIONS

(IAD/SEC.) I II.ISEC.) (IIADISEC.i2) ( II.ISEC.'a21

SEGM.YT MAO. ABS. BEL. MAO. ABS. IEL. MAO. ABS. IlL. MAO. ABS. JEL.

10. STE TEST [1101 ERROl TEST ERRO [ROR lEST 133 1110UO TEST ERROR [RO

I L11 0.000 0.000 0.0000 0.000 0.000 0.0000 0.010 0.010 0.0010 0.001 0.001 0.0010

2 UIR* 0.000 0.000 0.0000 0.000 0.000 0.0000 0.010 0.010 0.0010 0.000 0.000 0.0000
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PAGE

VEICLE ODICL,1TJOI INPUTS CIRDS C

COISTANT VIND VELOCITY OF 00 KIOTS

111 MlTCI BOLL lip0s l71E 10(1) 10(0 IOZI TWlAN STO ADT MEO

0.000 0.00 0 000 12151.000 0.000 0.00 0.000 0.000 -3 0.000000 2.300000 0

SPLIIE FIT TAIULIA INPO

LTTP[ 2 LFI?' I NMS' 3

INITIAL LIIEtl POSITION (11.1 INITIAL JOjLiJ POSITION IDEG)

TIff(SC.I. 0.0000 1: 0.000 T' 0.000 Z
t  0.000 1. 0.000 T. 0.000 Z; 0.000

LINEAR VELOCITY ( IV./SEC.) AEGIAI VELOCrITY (DG/SEC.)

T Ie(SEC.I I I Z I I Z

0.00000 0.000 0.000 12161.000 0.000 0.000 0,000

2.30000 0.000 0.000 I2161.000 0.000 0.000 0.000

4.60000 0.000 0.000 J110.000 0.00 0.000 0.000
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PIG[

WERICLf LIVEll TIM EISYQIT COISIAIR VIED VILOCITY OF 00 KNTS FIGE 10. 1

TI 0 LI VIII DECILENATIONS I(PS) LINEAl YVt.OCITIES I 1I.ISEC. LWHEO DISPLACENENTS ( 11.1

INSIC) I I z I I z I I Z

0.000 0.000 0.000 0.000 0.000 0.000 11681.000 0.000 0.000 0.000

2300.000 0.000 0.000 0.000 0.000 0.010 12161.000 0.000 0.000 27070.300

4600.000 0.000 0.000 0.000 0.000 0.000 12161.000 0.000 0.000 55940.600
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TUIICL IAIGOLI TIME IISTOlI CONSTANT1 In RLCITT O fr O 00 KNOTS ?AGI
PAGE 1O. I

?IE AIL,11 ICCIL[UTIOIS (D[OISEC.412) AIGUAI, TL ItI[S (DEOISEC.I INGULAR OISPLACENTS (01G

(USEC) I T Z I T 2 TOn ?ITCH ROLL

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1300.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000

4800.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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IFL PILY 1116 IL? 19 ISO IISS W111W V171 IFOICI PAGEM

1 0 0 0 0 0 6 1 1 0 CIRO D. I

?LIKE INPTS CARDS D.1

MLIT 30. 1 I I 310 lA

I T z

POINT 1 10.0000 10.0000 5.0000
POINT 2 -10.0000 10.0000 5.0000
POINT? 3 10.0000 -10.0000 5.0000

BDY SFGWIT STWYhY INPUT CARD D.7

SE1 10. 1 1

ISTNIJ) 0 0
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WINDroat FM IOI10. WID foct I AGE 9
WIN 01C FUUYIQ 30. I WN FOCI TII ) 8CARDS 1.6

SPEC. HIT1 IATIO SOVIC EEL. IBS. PRESS. SEGERT RIF. SI051!

1.4000 13404,0000 14.6960 ILAL" 31111
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ALLOWID COITICYS In AssocIAT FUICTIOU 
1161 10
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SIGNEIT 1110 FORCES FIG[ 11

DUOG COEFFICIENT BLOCKING ADO.

SEGMENT-ELLIPSOf 0 SIGM'T-?LIE WIND YORCE FRICTION FdNCYIOI SWIENTS-ELLIPSOID

*I - I 3 - I 1 0
LAIN YIN -IN P1" LINE WIND YOKCE 2- 2

-2 - 2 3 - I I 0

DARN TER -WIND ?LAVE ViND YOKCE I- I
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SuIaOUTIll RITIL llrgI? PAG[

CARD 0.
ZPLTI) ZPLTITI ZPLTIZI II J1 12 J? 13 SPLTII SPLI('2 SPLTI3I

0. 0. 0. 0 0 0 0 I W .00 6.00 1.00

IlITIAL POSITIOIS IEIIAL IRINlICE) CARDS 0.2

SEGENT LIEAR POSITIOI 1 I1.) LINEAI VELOCITY I II.ISEC.)
, 1 I I T 2
I LAR 0.66000 0.000 -18.01000 0.0000 0.00000 0.00000
2 AIN 0.11467 0.00000 -5.36630 0.00000 0.00000 0.00000

IhITIA. ANGULAI OTTION 11 VfLOCDITT CYDS 0 3

SEGE iT AIGULAR ROTATION (DEG) AIGULAR VELOCITY (DEG/SEC.)
gO. SE0 TAW PITC! BOLL I 7 2 iTpI
I LAI 0.00000 -2.00000 0.00000 0. 0000 0.00000 0.00000 3 2 I 0
2 DARN 0.00000 -2.00000 0.00000 0.00000 0.00000 0.00000 3 2 I 0

TABULAR ?TI gISTORt CONTROL PARAMETERS
TYPE KSO SELECTED SEGEITS OR JOIlTS
I1 0

REF
1.2 0

REF
8.3 3 I 2 2

IEF 2 I 4
1.4 0

aff
g.5 0

REF
N.0 0

REP
N.? I I

iEF 0
3.8 2 I 2

iEF 0 0
B.0 1 I

BEF I
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MNID FUNCTIONS NoN TINl' 0.000 IEEC FAG( 13

(INERTIAL) (LOCAL) (LOCAL)
11N0U.11 NOTATION (010) ANGULAR VELOCITY (lw/SIC.) ANGOUA ACCELERATION (RiD/SEC..11

SEGMENT TIN PI7CR NOLL1 I T z

I LAIN 0.0000 -2.0000 0.0000 0.00000 0.00000 0.00000 0.000346 7.240952 -0.000315
2 11A11 0.0000 .2.0000 0.0000 0.00000 0.00000 0.00000 -0.000292 21.756331 0.000000
31TEN 0.0000 0.0000 0.0000 0.00000 0.00000 0.00000 0.000000 0.000000 0.000000

(INERTIAL) (INERTIAL) 111111I1LI
al1l .T0 A. IML!I Tl TT l.!SC. LINE~l ACCELEBATIONS WOS)

SEGMENT I T 2 I 1 2 1 Y z

I LAIN 0.600 0.0000 -16.9600 0.00000 0.00000 0.00000 0.123940 0.000002 1.323803
2 DARN 0.1847 0.0000 -5.3883 0.00000 0.00000 0.00000 -0. 13109 -0.000002 22.212334
3 TEN 0.0000 0.0000 0.0000 0.00000 0.00000 12161.00000 0.000000 0.000000 0.000000

(IIEITIAL) (LOCAL)
91 Ailly I Ill./SEC.m'21 02 AMIT IIAD/StC.he2) KINETIC [VERGE

EITER1AL LINEAR ACCELERATIONS ElTEIIIAL ANGULAR ACCELEIATOIS I LB.- 11.1
SEGMENT I T Z I 1 2 LiiNa ANGULAR TOTAL

I LAIN 0,00000.00 0.0000#.00 0.50900#03 0.570D10-03 -0.1077411402 -0.315160-03 0.000004.0. 0.000004.00 0.U000000
2 RIN 0.00001.00 0.0000000 0.85711004 -0.1146511-13 -0.383670-14 -0.32149D-14 0.000006.00 0.00000D'4U 0.00000,.00

TOTAL BODT KINETIC ENERGY
0.000004.00 0.000000,00 0.00000#.00

(INTITIAL) 1IN!1TIALl
JOINT FOICES I(LI.) JOINIT ODES 1(IN. LB.) IELA?) VI ANWUAR

JOINT Fii 1 7 z I 1 2 VILOCITY (IAD/SEC.1

I EL,11 5 -0MID6000 -0.9610-05 -0.2550-01 0.00000.00 0.0000000 0.00000.00 0.000

DINT CONT. TEST 1.000 LAIN A10 ACC 3064. 0.45141-02 0.14731-05 0.10001-01 0.10001-03 0.1000E-05

TEST FAILED AT TIME s 0.001000 F03 1 1 0.000500
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1111130 FAICTIOIS FOR TII, 40.000 ISEC PAGE 14

lINETIlLI (LOCAL) (LOCAL)

ANGOULAR OTATION (DO) ANGULAR VELOCITY (tAW/SEC.) ANGULAR ACCELIRATION IIAD/S[C.''2)

SEGNEIT TAN FITC ROLL I f Z 1 Y Z

I LARV 0.0000 -4.0312 -0.0023 -0.00361 -2.10680 0.00000 -0,100497 -009,44370 0.000000

2 DARM 0.0000 1.0084 0.0050 0.00460 2.42103 -0.00004 0.012320 -49.751471 -0.000001

3 Yin 0.0000 0.0000 0.0000 0.00000 0.00000 0.00000 0.000000 0.000000 0.000000

(liEITIALI (1NRTIAL (INERTIAL)

LIIEAR ?OSITIOI (If.) LINEAl TILOCITYT I f./SEC.) LINEAR ACCELEBRTIONS IG'S)

SIGNEV? I T Z I I Z I T 2

I LARN 0.5275 0.0001 -13.8604 -7.63222 0.01244 255.94443 -0.811510 0.001260 17.010222

2 UARN 0.3257 -0.0001 -3.6550 6,12663 -0.01310 79.35086 0.864080 -0.001363 3.974510

3 YEN 0.0000 0.0000 186.4400 0.00000 0.00000 12161.00000 0.000000 0.000000 0.000000

(IIEWtIL) (LOCAL)

91 ARRAY ( If./SEC. '2) 92 ARRAY IAD/SEC.1o21 KINETIC ENERGY

1ITERNAL LINEAR ACCELERATIONS EATiRNAL ANGULAR ACCELEIRTIONS ( LB.- 11.)

SEOMET 1 7 z I T z LINEAR ANGULAR TOTAL

I LARM 0,2557D-01 -0.57750-08 O,659504oO 0.501600-07 -0.894470-iO 0.11020-13 0.501060.03 0.94630.00 0.50202003

2 UAM 0.46090-03 -0.11240-08 0.15010.04 0.24577000 0.98550002 -0.683560-00 0.456740,02 0.51370100 0.46180002
TOTAL 100 INEIC 111161

0.546730403 0.14765D401 0.548210#03

(INERTIAL) IINIRIAILI

JOINT FORCES ( LO.1 JOIN? TORUES I IN. LI.) RELATIVE ANGULAR

JOINT T~Il I T Z I y 2 VELOCITY (RID/SEC.)

I ELIg 5 0.4790001 -0.1550-07 0.386000 0.O0000*00 0.0000900 0.00000.00 4.635
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pOS?pIOCSSOE COWTIOL PAAWYIW

BIC I ISI POINT CS! POINT
1.11 0 0
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DAT; FIR, 4, 1996 PAGE 16

INU DESCIIP"IOI: IAIPLE 2: MYNANIC JOINT TEST
SLIP JOINT / 400 KNOT VIED PAGE; 21.01

VAHICLI DECELINATION: CONSTANT VINo YELOCITT Of 600 riOTS
CRASH TICTIM: 9549 PERCEITILE ILE

PO ll REL. LINEAR DISPLACEiENT i 11.)

POINT I 0.00, 0.00. 8.20) of POINT 1 0.00, 0.00, -5.42) O POINT ( 0.00, 0.00, 0.00) of
SEGMIT N0. I - LARM SEGUENT NO. 2 - ODiN SEGIEVT NO. 2 - UAIR

TIVE I9 1111 REFERENCE IN LAIN IFE7IENCE 11 GRID REFERENCE
INEC) I T Z DES I 7 z RES I Z ES

0.000 0.000 0.000 -5.420 5.420 0.000 0.000 8.200 8.200 0.185 0.000 -5.368 5 371

0.500 0.000 0.000 -5.420 5.420 0.000 0.000 6.200 6.200 0.165 0.000 -5.368 5.371

0.750 0.000 0.000 -5.420 5.420 0.000 0.000 6.200 0.200 0.185 0.000 -5 367 5.370

1.000 0.000 0.000 -5.419 5.419 0.000 0.000 6.109 8.199 0.185 0.000 -5.366 5.370

1.500 0.000 0.000 -5,417 5.417 0.000 0.000 6.10? 8.197 0.185 0.000 -5.365 5.368
2.000 0.000 0.000 -5.414 5.414 0.000 0.000 6.194 9.104 0.185 0.000 -5.362 5.360

3.000 0.000 0.000 -5.405 5.405 0.000 0.000 6.165 6.185 0.185 0.000 -5.356 5.359

4.000 0.000 0.000 -5.391 5.392 0.000 0.000 6.172 0.172 0.189 0.000 -5.387 5.350
5.090 0.000 0.000 -5.375 5.375 0.000 0.000 8.155 8.155 0.187 0.000 -5.336 5.339
4 000 0.000 0.000 -5.354 5.354 0.000 0.000 .13t 8.134 0.187 0.000 -5.322 5.325

7.000 0.000 0.000 -5.379 5.329 0.000 0.000 8.109 8.109 0.186 0.000 -5.308 5.300

8.000 -0001 0.000 -5.299 5.209 0.000 0.000 8.079 6.079 0.190 0.000 -5.288 5.291

9.000 -0.001 0.000 -5.260 5.269 0.000 0.000 6.048 8.046 0.191 0.000 -5.268 5.271

10.000 -0.002 0.000 -5.228 5.228 0.000 0.000 8.009 8.009 0.191 0.000 -5.245 5.249
11,000 -0.002 0.000 -5.185 5.185 0.000 0.000 7.0965 7.965 0.194 0.000 -5.221 5.224

17.000 -0.003 0.000 -5.138 5.136 0.000 0.000 7.918 7.918 0.190 0.000 -5.194 5.198
13.000 -0.001 0.000 -5.067 5.087 0.000 0.000 7.887 7.867 0.198 0.000 -5.166 5.170
1.000 -0.008 0.000 -5.032 5.032 0.000 0.000 7.6)2 7.812 0.200 0.000 -5.136 5.139
15.000 -0.008 0.000 -4.973 4.973 0.000 0.000 7.752 7.752 0.202 0.000 -5.103 5.107

16.000 -0.01! 0.000 -4.909 .900 0.000 0.000 7.86 7.686 0.204 0,000 -5.049 5.073

17.000 -0.013 0.000 -4.840 4.840 0.000 0.000 7.620 7.620 0.207 0.000 -5.032 5.036

18.000 -0.017 0.000 -4.768 4.766 0.000 0.000 7.546 7.546 O.1O 0.000 -4.903 4.0998

19.000 -0.021 0.000 -1.91 0.691 0.000 0.000 7.471 7.471 0.213 0.000 -4.953 4.957
20.000 -0.026 0.000 -1.610 4.610 0.000 0.000 7.380 7.380 0.216 0.000 -4.910 4.915

21000 -O.03) 0.000 -4.524 4.524 0.000 0.000 7.304 7.304 0.210 0.000 -4,865 4.870
22.000 -0.038 0.000 -4.435 4.435 0.000 0.000 7.214 7.214 0.223 0.000 -4.619 4.624
23.000 -0.045 0.000 -4.341 4.341 0.000 0.000 7.120 7.120 0.227 0.000 -4.770 4.775

24.000 -0.053 0.000 -4.242 4.243 0,000 0.000 7.021 7.021 0.231 0.000 -1,719 6.725

25.000 -0.083 0.000 -4.140 4.140 0.000 0.000 6.916 6.018 0.235 0.000 -4.667 4.673
26.000 -0.073 0.000 -4.033 4.034 0.000 0.000 0.811 6.811 0.239 0.000 -4.012 4.618
27.000 -0.085 0.000 -3.92 3.923 0.000 0.000 8.700 0.700 0.214 0.000 -4.555 4.562
28,000 -0.098 0.000 -3.607 3.606 0.000 0.000 0.584 0.584 0.248 0.000 -4.4906 4.503
29.000 -0.113 0.000 -3.607 3.689 0.000 0.000 .4064 4.464 0.254 0.000 -4.430 4.443
30.000 -0.129 0.000 -3.503 3.585 0.000 0.000 0.339 8.339 0.259 0.000 -4.373 4.361
31.000 -0.149 0.000 -3.435 3.430 0.000 0.000 6.209 6.209 0.264 0.000 -4.300 4.317
32.000 -0.165 0.000 -3.302 3.306 0.000 0.000 4.075 6.075 0.270 0.000 -4.243 4.251
33.000 -0.180 0.000 -3.164 3,170 0.000 0.000 5.037 5.937 0.274 0.000 -4.175 4.184
34.000 -0.209 0.000 -3.021 3.030 0.000 0.000 5.793 5.793 0.282 0.000 -4.105 4.115
35.000 -0.234 0.000 -3.674 2.685 0.000 0.000 5.645 5.645 0.289 0.000 -4.035 4.045
34.000 -0.281 0.000 -2.72# 2.737 0.000 0.000 5.492 5.492 0.296 0.000 -3.962 3.973
37.000 -0.289 0.000 -2.56 2.54 0.000 0.000 5.333 5.333 0.303 0.000 -3.884 3.900
38.000 -0.320 0.000 -2.407 2.4028 0.000 0.000 5.170 5.170 0.310 0.000 -3.813 3.825
39 000 -0.353 0.000 -2.241 2.269 0.000 0.000 5.002 5.002 0.318 0.000 -3.735 3.749
40.000 - 3809 0.000 -2.071 2.107 0.000 0.000 4.829 4.829 0.326 0.000 -3.657 3.571
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DIMT Fla. 4, 1986 
PAGE I

RUN DESCIIPTION: fIIWL[ 1: D MNIC JOIT TIST
SLIP JOIN / 600 KNOT VIED PAGE: 2201

VEHICLI DECELERATION: COISTANT IVO EILOCITI OF 000 KOTS

CIAS8 VICTIM: 95TH PERCENTILE KALE

JOlIT FAiIETERS

MIT3? 10. I - FLOW

tine STI4 J010N AIGLES (D(G1 TOTAL TORQUE I IN. LB.)

(IIC) IMIE FLIIUR AZIMUT H TORSION SPRING VISCOUS lES.

0.000 5. 67.190 180.000 0.000 0.000 0.000 0.000

0.500 5. 87.189 180.000 0.000 0.000 0.000 0.000

0.750 5. 67.188 -180.000 0.000 0.000 0.000 0.000

1.000 S. 67.186 -180.000 0.000 0.000 0.000 0.000

1.500 5. 67.160 -160.000 0.000 0.000 0.000 0.0

2.000 5. 67.)72 -180.000 0.000 0.000 0.000 0.000

3.000 5. 87.149 -180.000 0.000 0.000 0.000 0.800

4.000 5. 67.110 -180.000 0.000 0.000 0.000 0.000

5.000 5. 07.073 -180.000 0.000 0.000 0.000 0.000

5.000 5. 87.021 -180.000 0.000 0.000 0.000 0.000

7.000 5. 86.859 -180.000 0.000 0.000 0.000 0.000

8.000 5. 66.888 -180.000 0.000 0.000 0.000 0.000

9.000 5. 66.808 -180.000 0.000 0.000 0.000 0.000

10.000 5. 08.270 -180.CI0 0.000 0.000 0.000 0.000

11.000 5. ea.fl. -IRA.000 0.000 0.000 0.000 0.000

12.000 5. 66.517 -180,000 0.00% 0.000 0.000 0.000

)3.000 5. 66.603 -180.000 0.000 0.000 0.000 0.000

14.000 5. 66.280 -180,000 0.000 0.000 0.000 0.000

15.000 5. 86.149 -180.000 0.000 0.000 0.000 0.000

16.000 5. 66.010 -180.000 0.000 0.000 0.000 0.000

17.000 5. 65.362 -180.000 0.000 0 000 0.000 0.000

18000 5. 65.706 -180.000 0.000 £.000 0.000 0.000

19.000 5. 65.52 -160.000 0.000 0.000 0.000 0.000

20.000 5. 65.369 -180.000 0.000 0.000 0.000 0.000

21.000 5. 65.189 -180.000 0.000 0.000 0 000 0.000

22.000 S. 65.001 -180.000 0.000 0.000 0.000 0,000

23.000 5, 64.805 -180.000 0.000 0.000 0.000 0.000

24.000 5. 61.601 -180,000 0.000 0.000 0.000 0.000

25.000 5. 64.390 -180.000 0.000 0,000 0.000 0.000

26.000 5. 64.171 -180.000 0.000 0.000 0.000 0.000

27,000 5. 63.045 -180.000 0.000 0.000 0.000 0.000

23.000 5. 63.713 -180.000 -0.001 0.000 0.000 0.000

10.000 5. 63.474 -179.999 -0.001 0,000 0.000 0.000

30.000 5. 63.230 -179.90 -0.001 0.000 0.000 0.000

31.000 5. 62.980 -170.990 -0.002 0.000 0.000 0.000

32.000 5. 52.726 -179.999 -0.002 0.000 0.000 0.000

33.000 5. 62.16 -179.998 -0.001 0,000 0.000 0.000

32.000 5. 61.200 -179.906 -0.003 0,000 • 0.000 0.000

35.000 5. 51.034 -179.998 -0.003 0.000 0.000 0.000

36.000 5. 61.606 -179.096 -0.003 0.000 0.000 0.000

37.000 5. 81.395 -179.997 -0.006 0,000 0.000 0.000

36.000 5. 61.171 -179-997 -0,004 0.000 0.000 0.000

19.000 5. 60.817 -179.997 -0.004 0.000 0.000 0.000

40.000 5. 60.570 -179.906 -0.005 0.000 0.000 0.000
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DJTf; FEB, 4. Me88 PAGE 10

RUN DESCRIPTION: EfALE 2: DTOAMIC JOINVT TEST
SLIP JOINT 1 600 KOT WIlD FAG!: 23.01

VEHICL[ DECELERATION: CONSTAIT WIND VELOCITT OF 0600 KNOTS

CRASH VICTIM: 9579 PERCENTILE MALE

SEGIFVT WIND FObCE LE.)

SEGMEVY 10. I - LARW SEGMIT 90. 2 - YARN

TIM i GRID REFERENCE II HUpT 3EFEREUCE

10) 1 T Z RES X 0 Z HES

0 000 0,000 0.000 lO'M 1.885 0.000 0.000 117.584 11,584

0.500 0.000 0.000 02.336 02.336 0.000 0 000 28.783 28.783

0 750 0.000 0.000 92.311 92.311 0.000 0.000 28.775 28.775

1.000 0.000 0.000 92,26P 02.288 0.000 0.000 28.768 28.768

1.500 0.000 0.000 91.242 92.242 0.000 0.000 28.752 28.752

2.000 0.000 0.000 92.,12 02.198 0.000 0.000 28.735 28.735

3.000 0.000 0.000 92.H2 92.112 0.000 0.000 28.702 28.702

4.000 0.000 0.000 92.032 92.032 0.000 0.000 28.667 28.667

5.000 0.000 0.00 91.958 91.958 O.OCC 0.000 28.632 28632

8.000 0.000 0.000 91.888 91.888 0.000 0.000 28.595 28.595

7.000 0.000 0.000 91.825 91.825 0.000 0.000 23.198 23.798

8.000 0.000 0.000 91.766 91.766 0.000 0,000 23.765 23.765

9.000 0.000 0.000 91.713 91.713 0.000 0.000 23.733 23.733

10.000 0.000 0.000 91.686 91.666 0.000 0.000 23.609 23.699

11.000 0.000 0.000 91.624 91.624 0.000 0.000 23.666 23.666

12.000 0.000 0.000 91.589 01.589 0.000 0.00 23.632 23.632

13.00 0.000 0.000 91.560 91.560 0.000 0.000 23.597 23.597

18.000 0.000 0.000 91.538 91.538 0.000 0.000 23.553 23.563

15.000 0.000 0.000 91.523 91.523 0.000 0,000 23.529 23.529

16.000 0.000 0 000 91.516 91.516 0.000 0.000 23.494 23.94

17.000 0.000 0.000 91.516 91.516 0.000 0000 23.460 23.460

18.000 0.000 0.000 91.521 01.521 0.000 0.000 23.827 23.427

12.000 0,000 0.000 91.541 91.541 0.000 0.000 23.394 23.394

20.000 0.003 0.000 01.567 91.567 0.000 0.000 23.361 23.361

21.000 0.009 0.000 91.652 91.602 0.000 0.000 23.330 23.330

22.000 0.000 0.000 91.648 91.648 0.000 0.000 23.290 23.299

23.000 0.000 0.000 91.704 91.704 0.000 0.000 23.269 23.269

28.000 0.000 0.000 91.772 91.772 0.000 0,000 23.240 23.240

25.000 0.000 0.000 91.852 01.852 0.000 0.000 23.213 23.213

26 003 0.000 0.000 91.984 91.984 0.000 0.000 23.187 23.187

27.000 0.000 0.000 92.050 92.050 0.000 0.000 23.162 23.152

28.000 0.000 0.000 92.169 92.169 0.000 0,000 20.825 20.825

29.000 0.000 0.000 92.303 92.303 0.000 0.000 20.806 20.806

30.000 0.000 0.000 92.151 92.451 0.000 0.000 20.789 20,789

JI 000 0.000 0.000 02.1)5 92.615 0.000 0.000 20.773 20.773

32.000 0.000 0.000 92.796 92.796 0.000 0.000 20.758 20.758

33.000 0.000 0.000 92.994 92.998 0.000 0.000 16.136 16.136

3.000 0.000 0.000 93.209 93 200 0.000 0.000 10.127 16.127

35.000 0 000 0.000 93.812 9.12 0.000 0.000 16.119 16.119

36.000 C :oo 0.000 93.093 93.693 0.000 0.000 16.113 16.113

37,000 0.000 0.000 93.963 03.963 0.000 0.000 16.108 16.108

3q 000 0.000 0.000 94.254 04254 0.000 0,000 10.103 15.103

39.000 0.000 0.000 98.5066 94.566 0.000 0.000 18.100 16.:00

80.000 .OCCq 0.000 94.900 01900 0.000 0.000 18.097 16.087
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191 DESCRIPTION; ElAMPLE 2: DYNAMIC JOINT TEST

SLIP JOINT / 600 KNOT MIND PAGE: 24.01
VEHICLE DECIMEATION: CONSTANT WIED TELOCIYT OF 600 KNOTS

CRASH VICTIM: 95TH PERCENTILE MALI

ELSE JOIT FORCES I TORQUES ON QJAM If LIN RIEEENCE

TIME JOINT FORCE I LB. 10,121 JOINT TORQUE ( IN.- LB. 10,121

(MSECI I T z I I z

0.000 *0.007 0.000 0.000 0.0000.00 0.0000.00 0.00O00

0.500 0.022 0.000 0.000 0.0001.00 0.0000.00 0.0000.00
0.750 0.022 0.000 0.000 0.0000.00 0.0000.00 0.0000#00

1.000 0.022 0.000 0.000 0.0000#00 0.0000000 O.OOOD'00

1.500 0.022 0.000 0.000 0.0000#00 0.0000.00 0.0000400
2.000 0.023 0.000 0.000 0.0000.00 0.000000 0.0000.00

5.000 0.023 0.000 0.000 0.0000.00 0.0000.00 0.0000.00
4.000 0.023 0.000 0.000 0.0000*00 0.0000.00 0.0000.00
5.000 0.021, .(0 0.000 0.0 0000 0ODO .0000.00 0.0000400
8.000 0.023 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

7.000 0.022 0.000 0.000 0.0000.00 0.0000.00 0.0000.00
a 000 0.022 0.000 0.000 0.0000600 0.0000#00 0.0000f00
9 000 0.022 0.000 0.000 0.0000.00 0.0000400 0.0000.00

70.000 0.022 0.000 0.000 0.0000.00 0.0000.00 0.OOODIOO
11.000 0.023 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

12.000 0.023 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

13.000 0.023 0.000 0.000 0.0000#00 0.0000.00 0.00O00
14.000 0.024 0.000 0.000 0.0000.00 0.0000.00 0.0000.00
15.000 0.024 0.000 0.000 0.0000.00 0.OOOD.00 0.0000.00
16.000 0.025 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

17.000 0.025 0.000 0.000 0.0000.00 0.0001.00 0.0000.00
18.000 0.028 0.000 0.000 0.0000.00 0.000000 0.0000.00

19.000 0.021 0.000 0.000 0.0000.00 0.0000.00 0.OOODv90
20.000 0.027 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

21.000 0.028 0.000 0.000 0.0000400 0.0000.00 0.0000#00
22.000 0.029 0.000 0.000 0.0000.00 0.0000.00 0.0000.00
23.000 0.030 0.000 0.000 0.0000.00 0.0000.00 0.0000.00
24.000 0.030 0.000 0.000 0.0000*00 0.0000.00 0.000000
25.000 0.031 0.000 0.000 0.0000.00 0.0000.00 0.0000.00
26.000 0.032 -0.002 0.000 0.000#.00 0.0000.00 0.0000400
21.000 0.034 0.000 0.000 0.0000.00 0.0000.00 0.0000,00
28.000 0.032 0.000 0.000 0.0000.00 0.0000400 0.0000000
29.000 0.034 0.000 0.000 0.0000.00 0.0000.00 0.0000400
50.000 0.035 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

31.000 0.036 0.000 0.000 0.0000.00 0.0000.00 0.0000.00
32.000 0.038 0.000 0.000 0.0000400 0.000000 0.0000.00

33.000 0.034 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

34.000 0.038 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

35.000 0.038 0.000 0.000 "Q0-000D04 0.0000.00 0.0000.00

38.000 0.040 0.000 0.000 0.0000.00 0.0000.00 0.0000.00
37.000 0.041 0.000 0.000 0.0000.00 0.0000400 0.0000.00
58.000 0.044 0.000 0.000 0.0000.00 0.0000.00 0.0000.00

30.000 0.046 0.000 0.000 0.0000.00 0.0000400 0.0000.000

40.000 0.048 0.000 0.000 0.0000.00 0.0000.00 0.000000
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ILAISID CIO TINE 30.91 6ICOIDS 
FIGI 20

sun CALLS VNE

KA113D 1 47 1.52

111131 1 44 I.t2

CHAIN 182 37 1.20

EJOINT 192 3 0.10
DIVY 21 143 4.03

70901 234 123 3.98

DAUI 101 88 2.78

SETUPI 191 40 1.49

COrTCT 181 22 0,71

VhIDT 382 2109 80,23
IISPI 191 12 3.33

SEI13P2 101 a 0.10

DA0011 191 31 1.00

DAUM1 191 I 0.03

DA11122 191 9 0.29

FSVS0L 191 22 0.71

00170 44 79 2.56

UPDATE 43 3 0.10
D 190 42 1.36

POSYFI 1 160 5.37

TOTAL 3081 100.00
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